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‘Ine Thinker 
By R. T. Stroum 


HIS land is fast filling with chaps who are willing 
To barter their bodies where labor is sold; 


The beefy and brawny, the stunted and scrawny, The beefy and 
rc “f “3 rawny work 
Work blindly at doing whatever they’re told. blindly— 


The roughneck, rascallion, Hun, Pole and Italian 
Dig shoulder to shoulder with negro and Chink. ye 

Ill-paid for the hustle and straining of muscle, a 
And never expected to reason or think. a ae 








OR centuries, kettles of stoneware and metals 


On hearthstone and trivet had simmered and steamed, 
While savory vapors in sinuous capers 


2 Had wantonly wasted a power undreamed; 
- ; Till Watt chanced to wonder what forces were under 
C A ‘ : 
‘. ©) The covers to cause them to clatter and clink, E 


, And history’s pages through all coming ages 
Will give him due credit for pausing to think. 








7 . 
_For centuries RAB, pippin and sweeting, too ripe for good eating, 
kettles simmered ° ° — ‘ 
dau thamaiandions Had fallen each autumn since Cain was a kid, 


But mankind was lazy or too lackadaisy 


To try to find out why they dropped as they did. 
So, Old Gravitation had no explanation 


Till Newton discovered the long-missing links, 









Thus clinching securely the honors that surely Crab, pippin and 
Become the reward of the fellow who thinks. since Cain was a kid 
HERE’S plenty of room in the head of each human A of ae 
To suit a good, workable outfit of brains, { f lp AS 
But yet the world suffers from thousands of duffers ake ; 
Who don’t know enough to come in when it rains. eS 
So, when they talk plainly or grumble profanely rr gail i j BIG lw 
And say that Success is a treacherous minx, ao “A Sy 
Just step up behind them and gently remind them \ ew. Forno, ' 
There’s room at the top for the fellow who thinks. eee 
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New Brunswick Boiler IExplosion 





SY NOPSIS—Addilional data relating lo the cause 
of the boiler explosion. 
heated, but no other porlion of the boiler was 
The direct cause of the overheated plate 
that tore apart has nol been determined, 


The rear sheet was over- 


burned, 





The disastrous result of the boiler explosion at the 
plant of the Howe Rubber Co., New Brunswick, N. J., 
a report of which was published on page 237 of the Feb. 
15 issue of Power, is shown in the accompanying illus- 
trations, which were received too late to use in that issue. 

As stated, the return-tubular boiler was 60 in. diam- 


eter and Tt ft. long and operated with 70 Ib. pressure. 


to where the materia! 
came from that caused the plate to overheat. 
dent that something settled on the plate around the 
hlowolf, perhaps accumulating and getting baked together 


It is a mystery, therefore, as 
It is evi- 


in the two days sufliciently to keep the water away from 
the plate. 
be known, 


What this material was will probably never 


A study of the accompanying illustrations is of inter- 
est, as they show that the plate, instead of failing at the 
longitudinal seam, fractured at a point about midway 
of the sheet, between the blowoi! flange and the rear 
A, Fig. 9. A plan of the boiler 
room, Fig. 10, shows the storeroom at the left and the 
factory at the back end of the boiler. The erack 172 


girth seam, as shown at 

















PIGS. 1 TO 4. DETAILS OF THE 


—Shell of the boiler where it was blown. Fig. 2 


blowofft outlet. 


i 
=e 


It exploded Wednesday morning, Feb. 2. killing two 
men and eausing a loss of $50,000. 

Investigation has brought out the fact that the boiler 
was repaired on Jan. 30, the Sunday before the explo- 
The repair consisted of putting on a pad, or 
flange, for a blowofl connection in the bottom of the 
rear sheet. The old) connection was in the back 
close to the hottom. The change was made to take care 
of a radial erack, shown in Fig. 3, and as an alternative 
to putting on a good-sized patch. 

It was stated in the previous article that the imme 
diate cause of the explosion was overheating around the 
hlowolf outlet. 
but the water now used Contains no seale-forming miat- 
ter, No other portion of the boiler showed overlicating. 


slOn. 


head, 


The tubes showed some old lime seale, 


MNPLODED 


-Rear head, with portion of attached sheet. 


Tear started at the point XN. Fig. 














BOILER AND TORN REAR SHEET 


Fig. 3—Details of new 
4—Corner X of Fig. 3, showing burnt portion white 
Indicates where the rear plate tore, and the figures in 
dicated at D and ( show the direction and distance the 
hotler and rear header and a portion of the rear sheet 
were blown. 

The body of the boiler, Fig. 1, 
LO tt. 


dented, 


ix shown where it fell, 
The shell was. slightly 
The rear head, with the attached piece of the 
rear sheet, is shown in 
tance of 60 ft. The left end is shown enlarged in Fig. 
3, where the details of the blowoll outlet the 
The burned surface shows white in the illus- 
tration, but the original plate showed blue, indicating 
hevond a doubt that it was overheated. The plate started 
to tear at the point V. Another view of the burned plat: 
is shown in Fig. 4. 


from its original site. 


Fie. 2, having been blown a dis- 


disclose 


old crack. 
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SIGS. 5 TO 8 MORE DETAILS OF THE 


Fig. 5—The point X indicates where the sheet started to tear and where the first leak started. 
i 7J—Wreckage, showing 


scale adhering even with the rivet head. Fig. 
Wreckage from far end of the factory; stack in the center 


The right end of the plate, Fig. 2, is shown enlarged 
in Fig. 5. The crack at X may have been the initial 
leak heard before the plate failed altogether. The worst- 
burned portion is shown at the right of the crack. One 








___ REAR END 
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_ A,whére fracture 
= = =. started 
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DETAIL OF BURNED AREA AND CRACKS 
OF THE REAR SHEET 


FIG. 9. 


of the braces, with adhering scale of a thickness equal 
to the rivet head, is shown in Fig, 6. 

Two general views of the wrecked plant are shown in 
Figs. 7 and 8. In the former the bent column may be 
seen at the rear of the boiler setting, the factory room 
being at the left. The steel stack in the foreground fell 
on the roof of the factory. Wreckage from the far end 
of the factory, with the top of the stack in the fore- 





FACTORY ROOM 








| Aa 
| STORE tS} se, 
}ROOMS |} Ld | i 
or ee | <a 
Yeo eye 


10. SHOWING PLAN OF BOILER ROOM AND THE 
DIRECTION IN WHICH THE BOILER PARTS 
WERE BLOWN 


PIG. 


EXPLODED BOILER, 


ALSO SHOWING THE PLANT DEBRIS 
Fig. 6—Brace with 
bent column at the rear of the boiler. Fig. 


ground, is shown in Fig. 8. The factory hand killed and 
the one most seriously injured were in the rubber mill 
by the machine shown. 

The total destruction of the factory was mainly caused 
by fire which broke out immediately following the explo- 
sion and was probably started by the hot coals from the 
furnace being thrown to several parts of the factory. 

As is usual in boiler explosions, various causes were 
One was that 
the water was low, another that the boiler was defective. 
Examination of the boiler plates gives evidence that 
neither of these was the cause of the disaster. 

As the water recently used in the boiler did not contain 
scale-forming material, it is not probable that newly 
however, the 
possibility that old scale had become loosened from the 


given according to newspaper accounts. 


formed scale was responsible. There is, 
tubes and shell and collected at the burned area around 
It is also possible that 
a jumper in the boiler or a 


the newly made blowoff outlet. 
a workman carelessly left 
s used to kneel on while riveting the blowolf 
Tf such was the case and 
accumulated over them, the overheating of that portion 
of the boiler in the vicinity of the blowoff would be ac- 
counted for. 

The sum and substance of the matter is that a collection 


bundle of rag 


flange in place. loose scale 


of some foreign matter collected during the two days 
the boiler was operated after the repairs were made—just 
what it was is a mystery. 

The lesson to be learned is that every boiler, after 
workmen have been engaged on the interior, should be 
thoroughly inspected by a competent, careful man to see 
that every tool, piece of waste, loose scale, ete., have been 
removed before the boiler is filled and put under steam 
Trusting to the vigilance of the other fellow 
is not good engineering unless he is a man of responsi- 
bility. 


pressure. 
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Bearing-Design Constants--Il 





SYNOPSIS—Independent sets of design con- 
stants that have been developed in the various 
branches of machine design are codrdinated by 
finding the common law of friction underlying 
them. 





Having fixed upon the probable value of the friction 
coefficient, it is now possible to derive the bearing design 
constants on the basis of equation (8). The heating 
effect that may be expected in a bearing operating at a 
pressure less than the critical may be found by substi- 
tuting in equation (1) the value of the coefficient p, thus, 

ViimP = = = 2.51 yt, V PT (11) 
where 
Viim == Maximum velocity allowable for given pres- 
sure and temperature conditions. 

This equation is dependent upon an ample supply of 
suitable lubricant, conforming to the specified rate of 
feed of about 350,000 sq.ft. of surface per gallon of oil. 

Transposing the equation, the limiting velocity per- 
missible under assumed conditions of radiation becomes 
equal to 


yy 


= " | 7 
Viim = 2.5 Hoth \ > (12) 


Should the actual velocity V lie below the permissible 
value Vijm, it may be considered that the bearing is 
reasonably safe and that this provides a sufficiently liberal 
margin to allow for partial scoring, lack of fit and other 
ordinary contingencies such as may be expected to arise 
under competent supervision. 


Hear Apsorerion AND OFFTAKE 


Analyzing equation (12), it will be seen that the allow- 
able velocity increases with the specified radiating ca- 
pacity //o9, showing that the bearings for high-speed work, 
if not water-cooled, should be of massive construction to 
provide liberally for the heat offtake. The velocity may 
also be extended in proportion to the rise in temperature 
head, hence it is usually found expedient to maintain a rel- 
atively high temperature in high-speed bearings. This same 
factor is again embodied in To, since the friction coeffi- 
cient is reduced at high temperature. Accordingly, in 
bearings of this type the best results may be obtained by 
working at a relatively high temperature and low pres- 
sure. This combination is permissible because the pres- 
sure will in any event lie below the critical limit set by 
equation (9), and hence the oil may be allowed to become 
quite fluid without detrimental results. 

A temperature rise of /, = 100 deg. F., with respect 
to an atmospheric temperature of about fo = 100 deg. 
F., represents the limit that should not be exceeded, 
while for design purposes a temperature rise of about 75 
deg. F. at about 90 deg. F. atmospheric temperature is a 
good basis for naturally cooled high-speed bearings. 

In case the radiation is increased by artificial cooling, 
the velocity may be proportionally extended. This also 
permits the use of heavier pressures in which case it is 
best to restrict the temperature rise to about 50 deg. F. 


and work with the more viscous oil in the manner of 
a main engine bearing. 

In outboard bearings, which usually run at relatively 
slower speeds and heavier pressures than main bearings, 
it is advisable to reduce the temperature rise to, say, 
about 40 to 45 deg. F. Some designers still deem it 
expedient to stay under the temperature limits set, but 
while such practice does provide for a somewhat greater 
safety factor, it unnecessarily increases friction losses. 


Natural)otHo=6 Ft-Lb.per 
ty=ti-to =140°-90°= 50° F, 
: To=t;-60°=140%-60°=80°F. | 
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FIG. 7. LIMITS OF VELOCITY AND PRESSURE 


BY EQUATIONS 11 AND 12 


As based upon the friction data discussed, the following 
equation may be taken as a more rational form for the 
hearing constant: 


(Design Constant) Vijm VP = 2.5Hoth VT (13) 


This formula applies primarily to a steel journal run- 
ning in a rigid babbitt-lined bearing shell. 

The results given by equation (11) have been plotted 
in Fig. 7 for limits of velocity and pressure corresponding 
to main-bearing practice, the natural radiation factor 
Ho being taken at 6 ft.-lb. per min. at a temperature rise 
of 50 deg. F., with respect to an atmospheric temperature 
of 90 deg. F. and the corresponding velocity limits as fixed 
by equation (12) are likewise plotted. 

Fig. 8 shows similar relations as deduced for high- 
speed bearing practice, //9 being taken at 4 ft.-lb. and 
the temperature rise at fj, at 75 deg. F. 

When applying any of the design constants as given 
herein, it is to be remembered that they represent the 
maximum allowable values when running at the limiting 
velocity Viim as fixed by equation (12). When the 
actual velocity V lies below the maximum allowable ve- 
locity Viim, as is generally the case, it becomes necessary 
to reduce the given constant in the ratio of V + Viim, 
and provided the critical pressure P. is not exceeded, 
the temperature rise will drop in approximately the 
same proportion. 


MopIFICATION IN DESIGN 


Under certain design limitations, the pressure and 
velocity of the bearing may, however, be such that the 
desired temperature rise cannot be reached, in which case 
it becomes necessary to interpolate until the temperature 
rise and friction coefficient comply with the conditions 
set forth in equation (1). 

teferring to Fig. 7%, it will be seen that for usual 
bearing pressures of from 100 to 250 Ib. per sq.in. of 
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projected area, the curve can be quite closely approxi- 
mated by the following equation : 

PViim = 40,000 + 265P (14) 

This formula applies only when Hp = 6 ft.-lb. and 
when the temperature head (; = 
different conditions it is best to 
equations (12) and (13) 

The velocity limits shown in Fig. 7 refer to natural 
cooling, while for water-cooled bearings the velocity al- 
lowable would be raised in direct proportion to the cool- 
ing effect. It will be apparent that for usual speeds 
engine bearings, lying between 200 and 500 ft. per min. 
artificial cooling is unnecessary, especially so when the 
construction is sufficiently massive to provide for a gen- 
erous conduction factor //o. 

When applying these constants to nonadjustable bear- 
ings such as are commonly used for single-acting vertical 
vas or oil engines, the bearing pressure P should be taken 
as the dead-load pressure plus the average pressure oc- 
curring during any one cycle; that is, proportional to the 
mean between the average pressure during the expansion 
and compression strokes. 


‘Engine Bearings 
oS c 


F.. while for 
fundamental 


D0 deg. 


use the 


Compartson or RESULTS 

Equation (14) is in a form that allows the writer's 
deductions to be conveniently compared with the formu- 
las generally used for design purposes. 

Without going into details, it may be stated that the 
proposed equations have been checked and appear to be 
in satisfactory agreement with a number of design con- 
stants heretofore used. This fact therefore furnishes 
further proof that the coefficient of friction attained in 
commercial service may be expected to approach the val- 
ues fixed by equation (8). 

The writer has found equation (13) to check very well 
for a number of babbitt-lined outboard bearings. ‘The 
results also apply to quarter-box main bearings for hori- 
zontal heavy-duty engines, when the projected area of 
the bottom block is assumed to carry all of the dead, or 
downward load, while that of the cheek-block is assumed 
to take the average cylinder load in the manner defined. 

The P V constant for either block considered sepa- 
rately, should not exceed the limit set by equation (14). 
In addition, the temperature rise of the bearing,considered 
as a whole, should be checked for heating by taking the 
total pressure on each of the surfaces independently and 
multiplying by the respective friction coefficient; the 
eross lost work thus found should not exceed the radia- 
tion limit prescribed by the factor //o, as measured on 
the basis of projected journal area. When checking the 
side cheek, the value of the coefficient p as 
equation (8) should be increased to at least 
to make the total temperature rise of the bearing con- 
form to the results attained in practice. The larger 
part of this extra friction is no doubt to be ascribed to 
conditions similar in the cheek-block 
and the Thurston testing machine previously commented 
upon. 


given by 


$y in order 


to those existing 


ALLOWABLE Pressure LIMITS 


In applying the foregoing design constants to slow- 
speed bearings, the value given as the allowable pressure 
inay readily become unduly large, while experience shows 
hat certain well-defined limits must not in any case be 
exceeded. 
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For ordinary or soft babbitt-lined bearings, it is found 
unsafe to carry a dead-load pressure much beyond 300 
Ib. per sq.in. of projected area, since otherwise the babbitt 
is likely to be squeezed out of the shell. Genuine babbitt 
metal, because of its greater elastic strength, can carry 
heavier pressures, but a point is soon reached where such 
considerations as excessive wear and the like put a limit 
upon further pressure increase. Furthermore, the uneven 
distribution of heavy pressures and the tendency to score 
the wearing surface are additional factors that 
bearing pressures. 

Experiments made by H. B. MeDermid'™ on pressure 
limits for babbitt metal of varying composition show 
that soft, or lead, babbitt may be expected to fail at from 
300 to 500 Ib. per 


restrict 


sq.in. 


INFLUENCE OF METAL AND SERVICE 

The fact that these higher pressures exceed the criti- 
cal pressure P¢ may also be a contributing factor in set- 
ting a limit upon 


ferring to Fig. 7, 


the allowable bearing pressure.  Re- 
it will be seen that the P V constant for 
engine bearings reaches a fixed value beyond a pressure 
of about 250 Ib. per and a velocity of 420 ft. per 
min. The critical pressure will therefore be exceeded 
whenever the velocity is less than 420 ft. for 
of 250 Ib. or 


For railway 


sq.in. 


a pressure 
more. 

y brasses running on steel journals, the 
dead-load pressure is usually restricted to about 400 Ib. 


per sq.in. of projected area. For intermittent pressures, 
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FIG. 8&8. 
AND GRE 


ALLOWABLE VELOCITY AT 
ATER TEMPERA 


LOWER 
TURE RISE 


PRESSURE 
THAN IN FIG. 7 


such as occur in crankpins, the limit of pressure 
about four times that allowable for dead loads. 
Referring to Fig. 8, showing the velocity and pressure 


is just 


limits for high-speed bearings, the curves clearly indicate 
the the pressure as the 
increases. It will also be seen that even with bearings of 
the velocity is restricted to about 
2,500 ft. per min. when radiating into the atmosphere. 
To he able to higher 
the bearing must be 
heating. 


necessity of decreasing speed 


heavy construction 


velocities or greater pressure, 


artificially cooled to avoid excessive 


m° ‘Siannetibiiniien of Bearing Metals”; “Power,” Jan. 10, 1911. 
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The results that would follow had the high-speed bear- 
ing constants been based upon Lasche’s values for the 
coefficient « as given by equation (6) are shown by the 
dotted straight line O A, Fig. 8. The corresponding 
velocity limit would be a constant for varying pressures, 
and its value lies far below that customarily used in 
high-speed bearing practice. 

As is further shown by Fig. 8, the P V constant as 
determined for heavy high-speed ring-oiler bearings, hav- 
ing an assumed radiating capacity of /79 = 4 ft.-lb. and 
a temperature rise of 4, = 75 deg. F., may be approxi- 
mately expressed by the following relation : 


(High-speed Bearings) P Vijm = 20,000 + TOOP 


(15) 

This formula applies to 2 = 10 to 60 Ib. per sq.in. 
and Viim = 1,000 to 2,500 ft. per min. 

In case of lighter bearings having less radiating power, 
the foregoing constants and velocity limits must be pro- 
portionally reduced. Similarly, a restricted tempera- 
ture rise or lack of rigidity and like considerations may 
dictate the use of lower bearing constants. 

The length of journals for high-speed bearings, such 
as are covered by equation (15), are commonly made 
equal to about three times the journal diameter. In high- 
pressure bearings as covered by equation (14) the load 
is less likely to be uniformly distributed and the length 
is generally made equal to about 114 to 2 times the jour- 
nal diameter, 134 diameters being a good average pro- 
portion. Kquation (15) is found to check for the ring- 
oiler bearings such as are generally used for fans, genera- 
tors, turbines and like machinery. 


Tests 


EQUATIONS CHECKED BY 


A good check is afforded by some motor-bearing tests 
made by A. M. Bennett!? on a 184x514 in. journal run- 
ning at 4,000 rp.m., or 1,830 ft. per min. Various types 
of bearings were experimented with, but only the standard 
hall-seated babbitt-lined ring-oiler bearing. The average 
temperature rise was found to be 71 deg. F. at an aver- 
age pressure of about 25 Ib. per sq.in. of projected area, 
the corresponding P V constant being 46,000. A check 
for the radiation constant shows this to be approximately 
Ho = 4 {t.-lb. and hence according to Fig. 8, the P? V 
value becomes equal to about 38,000 at Vyim = 1,780 ft. 
per min. This comparison shows that equation (15) 
restricts the bearing constant to values below those found 
permissible in practice and furnishes further proof that 
the coefficient » as given by the Lasche, equation (5), 
is undoubtedly higher than that usually met with in the 
practical operation of low-pressure bearings. 

Further evidence could readily be brought to bear upon 
this point, but the foregoing will no doubt be sufficient 
to substantiate the correctness of the general conclusions 
embodied in the design cofstants presented. 

It is believed that a decided impetus would be given 
to scientific research if, in determining the coefficient of 
friction, all of the aspects outlined were more fully taken 
into account by investigators. Test results more nearly 
in keeping with practical experience would not only 
contribute materially to a more rational basis for bearing- 
design constants, but would also render valuable aid to 
machine designers in further reducing friction power 
waste. 


l“Temperature Tests on Bearings’; “Power,” June 17, 1913. 
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Continuous Engine Indicator 


The device shown in the illustration, for continuously 
indicating the horsepower developed by a steam engine, 
has been patented by a Hungarian engineer, M. Korosy, 
according to the Practical Engineer (England). 

The apparatus consists of a magneto the armature C 
of which is rotated by the friction wheel /, the distance 
of which from the axis of the drum is determined in an 
obvious manner by the pressure upon the piston of the 
indicator. The current generated by the armature in 








INDICATOR 


AND 


ARRANGEMENT OF 
APPARATUS 


ELECTRICAL 


passing between the pole pieces of the magnet B is trans- 
mitted to a motor H, and the voltage generated by the 
direct-connected generator (@, indicated upon the volt- 
meter F, is translated into terms of horsepower. The 
greater the pressure exerted on the indicator piston the 
greater the radius of the circle in which the friction wheel 
i travels, hence the greater the speed of the armature and 
the greater the voltage or horsepower. The idea appears 
to be hardly practicable, and one wonders why the current 
generated by the armature cannot be measured directly, 
instead of being used to run a motor-generator to make 
current to be measured. 


Viscosity Tests, so called, do not necessarily prove any- 
thing of the lubricating quality of an oil, since rosin or other 
viscous oils may constitute a large proportion of the whole 
and yet have no lubricating value. 

& 

Special Mixtures of Oil are necessary in some cases, but 
for light machinery using only small quantities, a mixture 
of 80 per cent. light mineral and 20 per cent. sperm is good 
and should not cost more than 30c. per gallon. It will not, 
however, stand heavy bearing pressure or form a film at slow 
speed. Its film thickness on metal is about 0.0002 in. 
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3y ALAN M. BENNETT 





SY NOPSIS— Discussion of the characteristics or 
properties of series, shunt and compound-wound 
generators insofar as they affect the operation of 
machines in parallel, This installment takes up 
the requirements which must be fulfilled particu- 
larly in the field control, for successful parallel 
operation. A later article will take up three wire 
generators and balancers. 





On constant-potential systems, generators are con- 
nected in parallel when the demand for current on the 
system becomes greater than can be furnished by a single 
machine. The current from each machine as it is placed 
in cireuit is added to that of the machines already in 
operation, the voltage remaining constant irrespective 
of the number running. The requirements for success- 
ful operation when paralleling in this manner are (1) 
that the incoming generator be thrown in circuit with the 
least possible disturbance to the system voltage and (2) 
that the generators divide the load in proportion to their 
capacities. 


INFLUENCE OF CHARACTERISTICS OF DIFFERENT TYPES 
OF GENERATORS 


Series generators are not commonly used on constant- 
potential circuits, because their voltage varies over a wide 
range with changes of load. Their operation wil! be con- 
sidered merely to show its similarity to that of compound 
generators when run in parallel. Shunt generators are 
frequently run in parallel, and while their voltage varies 
to some extent with change of load, it is not subject to 
wide fluctuations, as in the case of series machines. Com- 
pound generators, however, on account of their self-regu- 
lating feature of maintaining a constant voltage even 
under extreme conditions of load, are in almost universal 
use on power and lighting systems. 

The connections of shunt-wound generators are 
simple, and there is no particular difliculty in getting 
them to share the load properly, if started with the same 
terminal voltage and their speeds do not vary appreciably. 
It must be understood, however, that no generator while 
at rest can be switched into parallel with others that are 
running, without danger of short-circuit. The armature 
of the incoming machine in this case would be thrown 
directly across the line, and the current that would flow 
through it would be limited only by the resistance of the 
armature. It is necessary, therefore, first to bring the 
venerator up to the voltage already existing on the system, 
before throwing it into parallel. As the machine is 
brought up to speed with the field rheostat cut in, its volt- 
age gradually rises till full speed is reached. The excita- 
tion is then adjusted by means of the field rheostat until 
the voltage is the same as, or slightly higher than, that of 
the busbars, when the generator may be thrown into par- 
allel by closing the main switch and again adjusting the 
voltage until it carries its proper share of the load. Fig. 1 
shows diagrammatically the connections for two shunt 
generators in parallel, with the field of each connected 


directly across its armature. With this connection the 
field is independent of the outside circuit, and with a 
given rheostat setting, builds up as the generator comes 
up to speed. 


SuuNT Fretps Across Buspars 


Sometimes, however, the field, instead of being con- 
nected as in Fig. 1, is connected across the main busbars, 
as in Fig. 2. In this case it is necessary to have a switch 
in the field cireuit, and this must be closed when the 
second machine is to be brought into operation. The 
fields by this means are thrown directly on the full line 
potential, and when the generator is started, its voltage 
builds up rapidly. When the first machine is started, the 
main switch must be closed as well as the shunt-field 
switch, in order to complete the circuit through the fields, 

In throwing a generator out of circuit, resistance is 
cut into its field by means of the rheostat, until the am- 
meter shows practically no current being delivered to the 
line. The main switch can then be opened without flash- 
ing, and in the arrangement shown in Fig. 1 the gen- 
erator is completely disconnected from the line. In Fig. 
2, however, it is necessary to disconnect the field also, and 
as this is partly excited, to open its switch would cause 
a dangerous flash due to the self-induction of the field 
coils. The field should therefore be shunted with a non 
inductive resistance, when the switch can be opene:| 
without flashing, the self-induced current from the field 
passing around through this resistance without danger. 


REGULATING RESISTANCE IN) FIELD CrircurT 


It will be found that comparatively little resistance 
will have to be cut in by the rheostat to reduce the output 
to zero. It is necessary only to bring the internal voltage 
of the generator down to the point where it is the same 
as the voltage of the line, when the generator will cease 
to furnish current to the external circuit. This can be 
seen when it is considered that the internal, or total, 
voltage of the generator is greater than that of the line 
by the amount of the voltage drop in the armature (7? = 
). Consequently the nearer the internal voltage ap- 
proaches that of the line the less current is delivered, and 
when these two voltages become equal no current is deliv- 
ered to the line. If the voltage be still further reduced 
so that it becomes less than that of the line, the generator 
will begin to draw current from the line and run as a 
motor, in which case the generated voltage becomes a 
counter-electromotive-force, tending to limit the current 
taken by the machine. It is, therefore, not desirable to 
introduce more resistance into the field circuit than is 
necessary to remove the load from the generator. 

The fact that the voltage of a shunt generator drops 
with increasing load tends automatically to keep the divi- 
sion of load stable when running two of them in parallel. 
If one machine should suffer a voltage drop due to a 
drop in engine speed, it would be instantly relieved of 
part of its load, which would be taken by the second 
machine. The result would be an increase in voltage on 
the first machine due to the decrease in its load and a 
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decrease in voltage on the second machine due to its 
increased load, this condition tending automatically to 
pull the generators into proper working and adjust the 
load between them. The case in which one machine is 
over-powered by another is therefore uncommon and can 
only take place when its internal voltage falls below 
that of the line, which would call for considerable drop in 
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FIG. 1. SHUNT GENERAT- 
ORS, FIELDS ACROSS 
ARMATURES 


FIG. 2. SHUNT GENERAT- 
ORS, FIELDS ACROSS 
BUSBARS 


speed. Even should this oceur, the direction of rotation 
would still remain the same; there would be danger, how- 
ever, of an abnormal demand for current from the gen- 
erator, with a consequent blowing of fuses. 

Two compound generators possessing like characteris- 
tics and driven at the same speed will generate equal volt- 
ages when the excitation, or magnetizing effect produced 
by the series field, is the same in each, or when the current 
through these fields is the same. Under this condition 
the voltage drop in the two fields is alike. If two such 
generators were connected to the line in the manner 
shown for shunt machines and started with the same 
initial voltage and if, due to variation in speed, the volt- 
age of one should drop slightly, its load would imme- 
diately fall off and be taken by the second machine. The 
decrease in current delivered by the first machine would 
cause a further decrease in its voltage, owing to the 
lessened field excitation, while the voltage of the second 
machine would increase, owing to increased excitation 
‘aused by the additional current through the series field. 
sy this unbalancing of the voltages, the first machine 
would deliver still less current, and the second ‘still more 
and this action would continue until the second machine 
was carrying the total load, the first being entirely robbed 
of its share. 

TENDENCY 


Correcting UNBALANCING 


In order to correct this tendency to unbalance, it Is 
necessary to raise the voltage of the machine that sullers 
a decrease in load, and this is done automatically by em- 
ploying an equalizer connected to the series field of each 
machine at the end nearest the armature, thus placing 
the series fields in parallel, as shown in Fig. 38. The func- 
tion of the equalizer is to keep the magnetizing effect of 
the series field the same in the two machines, its action 
being as follows: 

As long as the two generators maintain equal voltages, 
the points ¢ and d will he at the same potential and no 
current will flow between them through the equalizer, the 
full output of each machine passing through its series 
field. Should the voltage of generator A rise slightly, its 
current output will increase and there will be a propor- 
tionately greater drop in its series field. The point ¢ will 
now be at a higher potential than 7, and current from A 
will flow from ¢ to d through the equalizer and thence to 
the positive busbar through the series field of generator B, 
increasing the excitation of this field and correspondingly 
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This action will continue until 
the points ¢ and d have been brought to the same potential 
and the load is again properly divided. If, instead of 
increasing, the voltage of generator A had fallen, the 
reverse action would have taken place; ¢ would be at a 
lower potential than d, and current would flow from 
toc. Thus it is seen that current may be flowing through 
the equalizer in either direction or it may be carrying n 
current at all, depending on the momentary value of the 
voltages of the two machines, and that the current in the 
series field may be more or less than the armature current 
by the amount passing through the equalizer. 

It is necessary that the cross-section of the equalizing 
connection be sufficiently large to prevent an appreciable 
drop in voltage along its length, otherwise its function will 
be interfered with and the weaker. machine is likely to be 
overpowered and converted into a motor. Should reversal 
of polarity take place through the action of reversed 
current in the series field, rotation as a motor would be 
opposite to that as a generator and serious damage would 
result. In order, therefore, to insure proper action, the 
resistance of the equalizer must be low compared to that 
of the series fields, and this can usually be effected by 
making its cross-section the same as that of the main 
leads to the busbars. 


raising the voltage of PB. 


It is usual with compound generators to connect the 
series field on the positive side of the generator, but the 
equalizer works as well when the series fields are on the 
negative side. It is necessary, however, that all machines 
operating in parallel have their fields similarly connected, 
all on the positive or all on the negative side. 


PARALLELING DIFFERENT SIZE GENERATORS 


Generators of different capacity and make can be par- 
alleled satisfactorily if the resistance of the series fields 
of the two machines be proportioned to the current de- 
signed to be carried by them. 

The usual arrangement for connecting compound gen- 
erators. to the line is to run the equalizer and the lead 
from the series field to a double-pole switch and the lead 
from the opposite side to a single-pole switch. 
ing up, all switches should be open. 


In start- 
The generator is 


f 


























FIG. 3. 


COMPOUND GENER- 
ATORS, USUAL FIELD 
CONNECTIONS 


FIG. 4. COMPOUND GEN- 
ERATORS, MUTUAL 
EXCITATION 


brought up to speed and the voltage adjusted by the rheo- 
stat until it is approximately the same as that of the 
line. The double-pole switch is then closed and the volt- 
age again adjusted until it is the same as, or slightly 
higher than, that of the line, when the switch in the other 
main can be closed, putting the machine in cireuit. By 
closing the double-pole switch first, the series fields of the 
second generator receive current from the line before the 
generator is thrown in circuit, and the voltage builds up 
more rapidly. There is also less likelihood of voltage 
disturbance on the line if the generator is equalized before 
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being paralleled, and a method sometimes used to insure 
this end is to connect the voltmeter by which the gen- 
erator is brought up to voltage so that it is not in circuit 
until the equalizer switch is closed. 

An alternative arrangement of switches much used is 
to connect all three leads from the generator to a three- 
pole switch, which is closed after the generator has been 
brought up to voltage. The disadvantage of this arrange- 
ment is that the generator is not equalized before it is 
connected to the circuit. 

To throw a generator out of circuit, its load is reduced 
by cutting in resistance in the same manner as described 
for shunt generators, and the line switches opened, in the 
case of the single- and double-pole switches, the latter 
being opened last. 

When generators are first operated in parallel after 
installation, trouble is often experienced in getting a 
proportionate division of load between them. In such 
cases it will usually be found that the resistance of the 
series fields and their connections to the busbars are not 
correctly proportioned to the current they are designed to 
carry. Referring to Fig. 3, it is necessary that the voltage 
drop from ¢ to e be the same as from d to f, when the 
machines are carrying their proportionate share of the 
load; and if this is not the case resistance must be added 
to one or the other of the two circuits until they have 
approximately the same drop. Usually, an extra length 
of cable in the circuit that is deficient in resistance will 
produce the desired results. It is sometimes attempted 
to correct such trouble by an adjustment of the series 
shunts on the generators, but beyond affecting the com- 
pounding of the machines nothing can be gained by this 
method, for the series shunts themse!ves are in parallel, 
and a change in one affects both generators. 

Ammeters and circuit-breakers, when used with com- 
pound generators, should be connected in the lead on 
the side opposite the equalizer. By this means the totak 
current from the machine passes through these instru- 
ments, whereas if placed in the other lead they would 
not be influenced by the current that goes by way of the 
equalizer. 

When two generators of like capacity are to be par- 
alleled, the need for an equalizing connection may be 
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avoided by “mutual excitation.” in which the armature 
current from one generator is passed through the series 
field of the other. The connections are shown in Fig. 4. 
Should the voltage of one of the machines increase, it 
would take more than its share of load, and this increased 
current operating through the series fields of the second 
machine would raise its voltage, while the lesser load of 
the second, operating through the series field of the first, 
would lower the voltage of that machine. There would 
thus be a mutual action between the two, tending to an 
equal division of the load. It will how- 
ever, that this scheme of connection is only possible when 


be observed, 


both generators are run at the same time, unless some 
system of switches is used whereby each machine is 
excited by its own series field when running alone, 


While it is not usual to run series generators in parallel 


on constant potential circuits, it is interesting to note 
that their case is analogous to that of compound gen- 
erators in parallel and that all that has been said with 


respect to the latter applies equally to series machines. 
If connected in paratlel without an equalizer, one machine 
would be most certain to overpower and reverse the other, 
and this would be even more likely to occur than in the 
case of compound generators, on account of there not 
being a shunt field to oppose the reversing action of the 
field. With an equalizing connection, however, 
there would he ho difficulty in paralleling two or more 


series generators, 


series 


Multiple excitation is also possible, as 
in the case of compound generators, and allows the equal- 
izer to be dispensed with. 


2 


Alberger Centrifugal Air Pump 


A new design of hydraulic centrifugal dry-air pump 
has been recently placed on the market. The sectional 
views show the design in detail. 

The principle of operation is the use of intermittent 
pistons of water to expel the air entering the pump from 
either a surface, jet or thus 
A high-speed inclosed impeller hurls 


barometric condenser and 
produce a vacuum, 
water in separate streams across an air gap into a com- 
pression, or diffusion, vane chamber, in which the vanes 


cut the water into a large number of lavers forming 




















SIDE AND 
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pistons separated by the entrapped air, which is thereby 
forced to the outer edge of the diffusion chamber, through 
the discharge and into the sump, from which the air is 
cleared. 

The casing of the pump is of cast iron and with the 
side plates is divided on the horizontal center line, per- 


mitting convenient removal for inspection, the only open- 


ings in the upper half of the casing being arranged 
with vertical flanges so that pipe connections can be 
easily broken in case it is necessary for any reason. 

The hurling-water inlet is in the lower half of the 
casing from which the water passes to the bronze impeller, 
provided with water-sealed sealing rings, thus avoiding air 
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leakage. The diffuser, or compression chamber, with its 
vanes, is bronze, the tips of the vanes being made sep- 
arate to permit inexpensive replacement after long-time 
service. 

A single heavy water-cooled pedestal bearing carries the 
shaft, and incorporated in this bearing is a multi-collar 
marine-type thrust with an adjusting device to maintain 
the rotating element in correct laterat position under the 
conditions met with in practice. 

This pump is manufactured by the Alberger Pump and 
Condenser Co., 140 Cedar St., New York City, either with 
or without a condensation removal pump, as shown in 
the sectional view, for high-vacuum, 
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Selection of Stacks and Breeching 


By Wittiam WIprPpeRMANN*® 





SYNOPSIS 
or steel slack or breeching may be properly propor- 
lioned. 


A conventent chart by which a brick 


Tempeiclure and volume of flue gases, 
temperature of outdoor air, horsepower served and 
draft loss, all enter into the final results. Specific 
examples are solved to show the working of the 
chart. 





The determination of the height and diameter of a 
chimney from tables or formulas connecting height and 
diameter with horsepower often results in an impossible 
stack. As a rule there are so many factors involved that 
no one table or formula meets the requirements of the 
individual problems. But it is possible to present the 
data on a chart in such a way that chimney and breeching 
dimensions can be determined with ease and certainty. 
That was the aim in designing the accompanying chart. 

The function of a chimney is to carry off the gases 
and to produce draft. Its height is fixed by the draft 
necessary to overcome the resistance of bends, damper, 
connections, breeching, boiler and grate. This resistance 
is not a function of the horsepower, but varies with every 
installation. The cross-sectional area must be so large 
that the stack will handle the volume of gas without ex- 
friction. By increasing the height, the 
diameter can be reduced, and conversely, but among the 
various chimneys that are large enough, there is one that 
ig cheaper to build, 


COSSIVE loss mn 


The draft available for producing flow is usually meas- 
ured in inches of water column. Its intensity depends 
upon the difference in weight of the outside and inside air 
columns, reduced under flow conditions by the friction loss 
in the stack. For a given temperature and pressure it is 
a’ maximum when no eases are flowing. The weight 
of a cubie foot of gas depends upon the temperature, 
pressure and nature of the gas. For chimney calcula- 
tions flue gas is always considered to be the same as air. 
Inasmuch as draft is always measured in inches of water 
column, the seale on the chart shows the weight of air in 
inches of water column. 

The use of this chart will be illustrated by determining 
the dimensions of a chimney and breeching for a boiler 
house containing five 350-hp. water-tube boilers vertically 


*Copyrighted, 1915, by William Wippermann. 


baffled and equipped with chain grates burning Illinois 
or equal, coal. is not to exceed 50° per 
cent. of rating. The stack temperature will average 520 
deg. F. at maximum rating and about 440 deg. F. at 
normal rating. The outdoor temperature will be taken 
at 60 deg. F. and the atmospheric pressure at 14.5 Ib. per 
sq.in. 
Referring 


The overload 


to the chart, the intersection of a vertical 
representing 520 deg. F. with a diagonal representing 14.5 
Ib. per sq.in. determines a horizontal through 0.0077 in., 
the height of a water column 1 ft. square that is of the 
same weight as a cubic foot of air at the given pressure 
and temperature. The same method shows that 0.0145 
in. of water weighs the same as a cubic foot of air at a 
temperature of 60 deg. F. and a pressure of 14.5 Ib. per 
sq.in. The difference between 0.0145 and 0.0077 is 
0.0068 in. This is the potential draft per foot of stack 
when no gases are flowing. Under conditions of flow it 
must be reduced by an amount equal to the friction per 
foot of stack. 

The head lost in friction is a function of the square of 
the velocity. It depends upon the roughness of the sur- 
face, on the density of the gas and on the surface in 
contact with the gas. For a brick stack, 


_, We? TH 
lalate dP 


in which 
D = Draft loss in inches of water column; 
W = Pounds of flue gas flowing per second ; 
T’ = Absolute temperature, degrees F. ; 
P = Absolute pressure, pounds per square inch ; 
IT = Weight in feet above center of breeching ; 
d@ = IMameter in inches: 
54 == Factor depending on the roughness of a brick 
stack, 

The atmospheric pressure is fixed by the altitude. The 
temperature of the flue gas depends upon the heat-absorb- 
ing qualities of the equipment. The quantity of flue gas 
iV depends upon the quantity and quality of coal burned. 
It is represented on the chart by diagonal lines under the 
caption “Pounds of Flue Gas per Boiler Hp.-Hr..” which 
can be estimated from the coal and CO, guarantees made 
hy the stoker and boiler manufacturers, or it can be esti- 
mated from experience. It varies from 70 to 130 Ib. per 
hp.-hr. In this problem it will be taken as 110, 
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The chart is a graphical solution of the formula pre- 
viously given. The draft loss per foot of stack ) is deter- 
mined as follows: Through the intersection of the verti- 
cal through 520 deg. F. and the diagonal 14.5 lb. per sq.in. 
draw a horizontal line intersecting the diagonal marked 
110 lb. of flue gas per hp.-hr. Through this intersec- 
tion draw a vertical cutting all of the horsepower di- 
agonals. Inasmuch as this line is referred to several times, 
it will be called the “7, P and W” line. Continuing, 
draw a horizontal line through the intersection of the 
“7', P and W” line with the horsepower line 2,625 (150 
per cent. of the rating of the five boilers). This line 
intersects some of the stack diameters, and the reading 
of the intersection on the “Draft Loss per Foot of Stack” 
scale is ) in “Inches of Water” column. The values of D 
for different diameters are tabulated here: 


Stack Draft Stack Draft 
Diamever, In. Loss Diameter, In. Loss 
192 0.0005 108 0.0013 
120 0.00075 102 0.0017 
114 0.0010 96 0.0023 


Under conditions of maximum flow the draft avail- 
able for producing flow is the difference between the po- 
tential draft and the friction loss. If the total draft re- 
quired is known, the height of stack necessary can be 
computed by dividing the draft required by the available 
draft per foot of stack. 

Before the height of the stack can be computed, an esti- 
mate must be made of the drop through the furnace, 
boiler, breeching, ete. The furnace draft, the drop 
through the boiler and the drop through the economizer, 
if one is used, can be furnished by the manufacturers. It 
is best to get these data from them because there is con- 
siderable variation in the different types of apparatus. It 
is customary to figure on a drop of 0.1 in. per 100 ft. of 
breeching of the proper size, on a loss of 0.05 in. for every 
right-angled bend; 0.05 in. for every boiler connection 
or entrance to breeching and breeching entrance to stack 
and 0.05 in. for a damper of proper design—that is, one 
that offers resistance at the lower capacities and a mini- 
mum of resistance at high ratings when maximum draft 
is required. Additional obstructions must be allowed for. 

For the given problem the furnace draft at 150 per cent. 
of rating is 0.40 in., the drop through the boiler and 
damper is 0.47 in., the drop in 80 ft. of breeching is 0.08 
in.; and the draft loss in entrance is 0.30 in., making 
a total draft required at the stack of 1.25 in. The heights 
of stack that will produce this draft are given in the 
following table. As previously figured, the potential draft 
per foot of stack is 0.0068 in. Deducting from this the 
draft loss per foot of stack, as itemized in the foregoing 
table, gives the available draft per foot of stack. Divid- 
ing the total draft required by the draft per foot of 
stock gives the height of stack. 


Stack Available Stack Stack Available Stack 
Diameter, In. Draft, In. Height, Ft. Diameter, In. Draft, In. Height, Ft. 
182 0.0063 198 108 0.0055 228 
120 0.0060 208 102 0.0051 245 
114 0.0058 216 96 0.0045 278 


The total height of the stack is the sum of the fore- 
going ond the distance from the center of the breeching 
to the base. In the second paragraph it was stated that 
the cross-section of a stack must be large enough to handle 
the gas without excessive friction loss, and by increasing 
the diameter and conversely a size of stack could be found 
that was cheapest. With the exception of the last two 
stacks all are equally good and well-proportioned. One 
of them, however, is cheaper than the rest. 


But for the following exception, the method of figuring 
the sizes of steel stacks is the same as for brick. The 
draft lost in friction in a steel stack is less than that lost 
in a brick stack because the resistance is less. It is 0.08 
of the draft lost in brick or brick-lined chimneys. For a 
steel stack for the boiler house in question the friction 
head is tabulated here: 


Stack Friction Stack Friction 
Diameter, In. Head, In. Diameter, In. Head, In 
132 ...0.0005 X0.8 ......0.0004 oe ff Fk 0.0010 
120... .0.00075 X0.8 os 0.0008 102.. . . if 0.0014 
Ba... 0.0010 X0.8 0.0008 San 0.0023 X0.8 ...... 0.0015 


Quite frequently it is necessary to estimate the capacity 
of a stack already built. Take for example a stack 120 
in. diameter and 208 ft. high. Using the data of the 
previous problem, the draft required at the entrance to 
the stack is 1.25 in. of water column. ‘The available 
draft per foot of stack is 1.25 ~ 208 = 0.0060. The 
difference between the potential draft (0.0068 in.) and 
the available draft (0.0060) is 0.0008, the loss per foot 
of stack. The intersection of the 120-in. diameter line 
with a vertical through 0.0008 in. locates a horizontal line. 
The intersection of this horizontal with the “7, P and W” 
line fixes the capacity of the stack. It happens to be 2,625 
hp. in this problem. 

In tall buildings the height of the stack is fixed by the 
height of the building. If the boiler house in question is 
in the basement of a tall building such that the stack rises 
300 ft. above the breeching connection, the solution for 
the diameter is as follows: 

ESTIMATING THE DRrarr 

The estimated draft required at the stack is 1.25 in. 
The available draft per foot of stack is 1.25 + 300 = 
0.0042. The difference between the potential and avail- 
able draft is 0.0068 — 0.0042 = 0.0026, the friction head 
in inches of water. The intersection of a vertical through 
0.0026 in. and a horizontal through 2,625 hp. fixes the 
diameter. In this case the nearest diameter is 96 in. 

In making up the estimate of the draft drop in the 
breeching, the figure 0.1 in. per 100 ft. of flue was used. 
This is safe for round steel flues of the proper size, but 
for square, rectangular and brick flues the retarding effect 
is greater, consequently the area of such flues should be 
larger than that of a round steel flue. It is not necessary 
that the breeching be of the same area throughout. [t is 
hest to proportion the cross-section according to the vol- 
ume of gases passing. 

The chart, which was designed for brick flues and 
stacks, can be used to advantage in computing the cross- 
section of the breeching. As mentioned before, the draft 
lost in a steel flue is 0.8 in. of that lost in a brick flue. 
Consequently the figure 0.0012 in. on the “Draft Loss 
per Foot of Stack” scale represents 0.0010 in. for steel 
flues, because 0.0012 & 0.8 is practically 0.0010 in., the 
draft drop per foot of flue used in making up the total 
draft estimate. 

The cross-sections are determined in the following 
manner: Through 0.0012 in. draw a verticai line and 
through the intersection of the horsepower diagonals 525, 
1.050, 1.575, 2,100 and 2,625 with the “7, P and W,” 
line draw horizontal lines. The intersection of the 0.0012 
in. vertical with the horizontal lines fixes the diameter of 
the fue. Inasmuch as a round breeching is seldom used. 
it is better to make it square than rectangular, making 
the side of the square equal to the diameter determined 
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from the chart. Then the cross-section will be a trifle 
larger than necessary. The dimensions appear in the fol- 
lowing table: 


Horsepower Cross-Section 


tS cine halt bas eae Ok tee acd: a ed . ie 4 ft. 9 in. square 
DI. «3:0. ey eee ee : - , 6 ft. 4 in. square 
cc ae d ; : 7 ft. 5 in. square 
2.100... ; & ft. 4 in. square 
2,625. ‘ 9 ft. 2 in. square 


If rectangular cross-sections are used, the area must be 
increased because a rectangular section offers more resist- 
ance. General practice is to make them up to 120 per 
cent. of the area of the stack. If the flue is lined with 
tile or is of brick, the vertical line is drawn through 0.0010 
in. This results in proportionately larger flues, because 
the resistance is greater. 
Metiop or CitMNey ANALYSIS 

This method of chimney analysis is simple and easily 
learned. It cannot very well result in impossible stacks. 
Many of the chimney men use velocities in figuring areas. 
A proper analysis shows that high velocities are used in 
large-diameter stacks and low velocities in the small- 
diameter stacks. The velocity may vary from 15 to 40 
ft. per sec., depending on the size of the stack. Judg- 
ment of course is necessary in estimating the temperature 
of the flue gases, pounds of flue gas per boiler horsepower 
and the draft required at the stack. In making up the 
item last named, due consideration must be given to the 
fact that more draft is required for higher altitudes than 
for the sea level. The items to be considered at the higher 
altitudes are the drop through the boiler and the furnace 
draft, and they can be estimated with ease by remember- 
ing that altitude has the same effect as increasing the ca- 
pacitv—more draft is needed. The cross-section of the 
breeching and the increased height necessary to overcome 
the increased friction loss in the stack are taken care of 
in the method of computing the respective dimensions. 

If the atmospheric pressure had been 11.7 Ib. per sq.in. 
instead of 14.5, the furnace and boiler drop for the 
specifie problem under consideration would increase from 
O87 to 0.97 in., making a total of 1.55 in. of draft 
required at the stack. The solution of the problem may 
be traced by the light dotted lines on the chart. The 
results obtained follow: 

CHIMNEY ANALYSIS 


Potential draft, in. of water column. ee 
Draft loss (120 in. diam.), in. of water column. . 
Draft loss (132 in. diam.), in. of water column 


0.0117—0.0062 =0.0055 
es 0.00095 
0.0006 


Available draft (120 in. diam.), in. of water column.... 0.0015 
Available draft (132 in. diam.), in. of water column 0.00149 
Height of 120-in. stack abeve breeching, ft. ; 300 
Height of 132-in. stack above breeching, ft...... , ; 275 


BREECHING ANALYSIS 
Horsepower (150 per cent. rating 


Cross-Sec tion 


525. . eae 7 er sk ; 5 ft. 0 in. square 
SO ae ey , ere ...6 ft. S in. square 
NS cng ats ho 08 oe .....@ ft. 9 in. square 
_ 4. a te - 8 ft. 9 in. square 
2,625 . 9 it. 6 In. square 


These results check very well with dimensions obtained 
by using the well-known methods of correcting for alti- 
tude. Chimney and breeching dimensions can be figured 
with ease and sufficient accuracy by drawing a few lines 
on charts ruled as shown. Such a chart is a permanent 
record of the analysis of the chimney and breeching. 


A Filter will soon recover its cost in oil reclaimed. Using 
oil repeatedly without thoroughly cleansing it is 
‘use trouble. 


likely to 


“33 
Frictional Resistance of a Bearing is the resisting torque, 
so-called moment of friction, or it may be defined as the 

iotient of the resisting torque by the mean radius of the 

surnal, 
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Ford Check and Stop Valves 


The Ford automatic check and stop valve, Fig. 1, is 
designed without the usual dashpot, to prevent chatter- 
ing of the valve disk, which is unbalanced. The disk 
has an apron A, so that by the time the steam is flowing 
from the boiler into the main in any appreciable quan- 
tity, the disk is enough above its seat to prevent wire- 
drawing. 

A feature of the valve is the adjustable outside spring 
Bb, which permits of a flow of steam from the boiler to 
the main at an even pressure or at a boiler pressure any 
given small excess over the existing pipe-line pressure 
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Pig. 4. 
AND STOP VALVE 


FORD CHECK FIG. 2. FORD CHECK 
NONRETURN VALVE 


that may be desired, by adjusting the attachment (C. 
The valve spindle running through the packing gland 
gives visible proof of the valve operation. 

The valve shown in Fig. 2 acts as a check valve against 
flow of steam back into the boiler from the main, as an 
automatic emergency valve to isolate the steam main 
from a boiler or boilers carrying normal pressure and as a 
hand-operated stop valve, 

The emergency piston is a loose fit and during normal 
periods is raised from its seat // and is also disengaged 
from the check valve 2, which allows it to operate auto- 
matically. The chamber / is connected to the steam 
main by the pipe J, and if the pressure in the chamber 
drops, the boiler pressure acts on top of the piston D, 
coming through the hole @ in the valve stem, and causes 
the piston to travel downward, engaging with the check 
valve # to close it. When the piston D reaches the seat 
IT, a tight piston is insured without the use of rings or 
packing. By a screw thread the piston may be adjusted 
on the spindle, and locked in position by the nut K. 
The traveling rod LZ runs through the packing gland and 
is a means of indicating what the valve is doing. 

After an emergency shutdown the valve can be put in 
service by opening the starting valve M that is placed in 
the front of each boiler, convenient for manipulation. 

This valve is manufactured by the Thomas P, Ford 
Co., Inc., 410 Broome St., New York City. 
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ow Much Will Save?eel]] 


By Carterton W. Hupparp* 





SY NOPSIS—Snyder demonstrates to Young that 
a pump is cheaper to operate than an ejector, and 
gives figures to prove it. 





“Hello, Snyder, this is John Young, at Easton & 
Weston’s. Do you remember that ejector I was talking 
about to you the other day? Well, ’ve the measurements 
and dope you told me to get, and I'd like to know how 
much we'd save by putting in a pump in place of it. 
Have you got time to help me out ?” 

“Sure thing; come on down this afternoon.” 

In Easton & Weston’s there was, near the engine room, 
a tank into which the cooling water from the condenser 
emptied. This water was then pumped to another tank 
about twenty feet higher by an ejector made up of 
ordinary pipe fittings. The second tank had coils of pipe 
in it, through which the exhaust from a small dynamo 
engine passed. From the second tank the water flowed 
to the water softener and thence to the boilers. 

The sketch shows the arrangement. Young had made 
all the measurements of the differences in elevation and 
had been watching the temperature of the water in Tank 
No. 1 and at the outlet of the pipe by which the water 
entered tank No. 2. He had found that when the water 
in No. 1 was 146 deg., that entering No. 2 was 178 deg. 
When he dropped in on Snyder that afternoon, they got 
busy at once. 


DeverMInine THE Water PUMPED 

“The first thing, Young, is to find out how much water 
you are now pumping with one pound of steam, The 
water goes into that ejector at 146 and comes out at 178 
deg.; that’s a rise of 32 deg. That means that each pound 
of water absorbs 32 B.t.u. in going through the ejector. 
Now it gets that heat from the steam, so we've got to 
know how much heat there is in one pound of steam. You 
said that the steam pipe for that ejector is taken from a 
separator drip, so it’s probably pretty wet. I wouldn't 
be surprised if it had 8 per cent. of moisture. That brings 
up the question of how the heat in one pound of steam is 
divided. Let’s see, you carry 100 |b.” 

Snyder reached for his steam tables and ran his finger 
down the column headed “pressure” until he reached the 
point corresponding to 100 Ib. gage, or 115 Ib. absolute. 
“The next column gives the temperature of the steam, 
338.1 deg. (Marks and Davis) and the fifth column the 
total heat in one pound, 1,188.8 B.t.u. This total heat 
is divided into two parts—the ‘heat of the liquid,’ which 
is 809 B.t.u., and the ‘latent heat of evaporation,’ which 
is 879.8 B.t.u. The sum of these is the total heat.” 

“Yowre getting in pretty deep water for me, Snyder. 
Can’t you explain that a little more ?” 

“Sure; look at it this way. For every pressure water 
has a certain boiling point. You've heard that water 
boils at 212 deg. It does—when the pressure is atmos- 
pheric or 14.7 Ib. absolute, which would be the same as 
zero on your gage. Now the higher the pressure the 
higher the boiling point. Here, with a gage pressure of 


— 





*Second vice-president, Fuel Engineering Co. of New York. 


100 Ib., or 115 lb. absolute, using the nearest figures 
given in the table, the boiling point is 338.1 deg. The 
‘heat of the liquid? is simply the amount of heat required 
to raise one pound of water from the freezing point to 
its boiling point, which depends on the pressure. 
Now after you’ve got the water to the boiling point, you’ve 
got to add more heat to turn it into steam. This is the 
‘heat of vaporization.” If you add these two quantities 
of heat together, you get the total heat in one pound of 
steam. Suppose we take a pound of water at freezing 
temperature and decide that we will turn it into steam 
at 100 Ib. gage. First we’ve got to add the ‘heat of the 
liquid’ to the water—that amounts to 309 B.t.u., as the 
tables show. Then we've got to add the ‘heat of vaporiza- 
tion’ to turn that pound of water into steam.” 

“That clears it up some. Dve had some steam tables 
for a long time, but I never could seem to find out how 
to use them. When youre told how to do a thing it 
seems a lot easier than when you read how to do it? 

*Yowll soon get the hang of it. Now there is another 
point to consider here. A pound of the stuff you take 
from that separator drip isn’t all steam. We don’t know 
how much of it is water, but we estimate that 8 per cent. 
of it is. That leaves 92 per cent. steam. To get the 
total heat in one pound of a mixture like this, you take 
the theat of the liquid’ for one pound, 309 B.t.u., for 
all the water has been raised up to the boiling point. To 
that you must add a part of the ‘heat of vaporization,’ 
depending on how much of the mixture is steam. In 
this case, where the moisture is 8 per cent., only 92 per 
cent. of a pound is in the form of steam, so to the ‘heat 
ef the liquid’ you want to add only 92 per cent. of the 
‘heat of vaporization.’ So you multiply 879.8 by 0.92, 
which equals 809.4, and add 309. The sum of these, 
1,118.4 is the number of B.t.u. in one pound of the mix- 
ture of steam and water which you supply to the ejector. 


B.r.u. In 1 Le. or WATER 


“You'd get that much heat if you cooled that mixture 
down to the freezing point, but you cool it down only to 
the temperature of the water discharged from the ejector, 
and that is 178 deg. That’s 146 deg. above the freezing 
point, and as it takes 1 B.t.u. to raise a pound of water 
1 deg., there are in that mixture 146 B.t.u. that you can’t 


get. So if you subtract 146 from 1,118.4, you will get 
972.4 B.t.u., which is all the heat available in one pound 


of the mixture you take from your separator to heat the 
water passing through your ejector. The heat supplied 
to the water is equal to that given up by the steam. Now 
we saw that one pound of water absorbed 32 B.taw in 
passing through the ejector, and we have just figured that 
one pound of the mixture of steam and water supplied 
could give up 972.4 B.t.u. So if you divide 972.4 by 32, 
you will get the number of pounds of water pumped by 
one pound of steam. That equals 30.4. “The next thing 
is to find how far this water has to be lifted. The distance 
from the engine-room floor to the water level in tank 
No. lis 7 ft. 8 in. + 4 ft. 4 in., or 12 ft. From the floor 
to the top of the pipe leading into tank No. 2, the distance 
is 17 ft. 3 in. + 13 ft. 9 in, or 31 ft. The height 
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through which the water must be pumped is 31 — 12 = 
19 ft. Now we must get an idea as to how much water 


vou use ina year. You haven’t a water meter, have you?” 

“No? 

“Do you know how much coal you burn ?” 

“Yes, about 7,500 tons a year.” 

“That’s about twenty tons a day 365 days in the year. 
Do you have your coal analyzed ?” 

“No. I tried to get them to have it done, but they! 
couldn’t see where they would save anything.” 

“Well, we ll have to do a little guessing then. If you’re 
getting an average semibituminous coal and are working 
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ARRANGEMENT OF TANKS AND PIPING 


at 65 per cent efficiency, you ought to be evaporating about 

8.5 lb. of water per pound of coal. Twenty tons a day, 

2,240 lb. to the ton, 8.5 lb. of water per pound of coal: 

that’s 380,800 lb. of water a day. Now we figured that 

one pound of steam raised 30.4 lb. of water from tank 

No. 1 to tank No. 2, so if you have to pump 380,800 Ib. 
380,800 


of water a day you have to use —~ = 


; 12,526 Ib. of 
30.4 


steam per day.” 
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“Gosh, Snyder, that’s a bunch of steam.” 

“It is, Young, but let’s see what a pump would take. 
First we'll find out how many pounds of water must be 
pumped each minute to give 880,800 Ib. a day. This 

noo y 

; 380,800 ‘ 

will be - = 265 lb. per min. 


24X60 


This has to be raised 


265 & 19 
19 ft., and the horsepower required will be —.s = 
00,000 


0.1525 hp. That would be the horsepower required on the 
water end of the pump. If your pump had an efficiency 
of 50 per cent., that would mean that the steam end would 
have to develop twice as much horsepower, or 0.305 hp. 
We'll play it safe and assume that the pump you put 
in will be a poor second-hand one and will require 200 lb. 
Then the steam 
required per hour would be 200 & 0.305 = 61 Ib., or 
G1 X& 24 = 1,464 lb. per day. Under the present method 
you use 12,526 pounds per day, so that by making the 
change you will save 12,526 — 1,464 = 11,062 lb. of 
steam per day.” 


of steam per horsepower per hour. 


“That’s a whole lot, Snyder, but you haven’t gone far 
cnough to suit me. You told me once that every power- 
plant waste goes back to the coal pile. They pay money 
for coal, but they can’t seem to see that steam costs them 
anything. Hlow do we get back to the coal pile and get 
the saving into dollars.” 

“That's easy, John. If you evaporate 8.5 |b. of water 
per pound of coal and you save 11,062 Ib. of steam, your 

11,062 


saving in coal will be —— = 1,301 Ib. a day, 
: 5.0 . 
1501 &K 365 
a year that would amount to ~- 
2.240 


fa 4 te 


For 


212 tons, 


nearly. You are paying $3 a ton, so the money saving 
would be $636. The pump installed ought not to cost 
over $200, so it would certainly be a good proposition.” 
“Youwre right, Snyder, and ’'m much obliged to you.” 
“That’s all right, John. Drop in again when you have 
another problem, and we’ll figure it out together.” 
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Action of Air im Surface Conclensers 


By C. F. Hirsurenip* 





SYNOPSIS—A study of some of the phenomena 
connected with the presence of air in a surface 
condenser and the effects shown graphically. The 
author shows that much of the air leaks into the 
condenser and that very little follows through from 
the boiler. Pressure and temperature relations, 
variation in volume of the air and steam and the 
results from varying the air leakage into a con- 
denser in operation are given attention. 





The function of the surface condenser and_ its 
auxiliaries in a modern plant is twofold: First, it 
maintains a low pressure in the space into which a prime 
mover exhausts, and, second, it liquefies practically all 
of the steam exhausted from the prime mover, so that 
the resulting pure and warm water may be returned to 





*Chief of research department of the Edison Illuminating 
Co. of Detroit 


the boilers through heaters as feed water. The advantages 
resulting from low back pressure and pure and warm feed 
water have been exhaustively discussed and are, in general, 
well understood by all plant operatives. There seems, 
however, to be more or less mystery connected with the 
process going on in the condenser, particularly with 
regard to the action of air and the effect which it has 
upon the vacuum attained, 

One of the most important questions to be answered 
in this connection is, Where does the air that must be 
continuously withdrawn from surface condensers come 
from? Some of it enters the prime mover with the 
steam, having entered the boiler in solution in the feed 
water. This air is carried through the steam lines and 
the prime mover with the steam and ultimately enters 
the steam the With a properly 
operated surface-condensing plant, the quantity of air 
entering the condenser from this source is small. By 
far the larger portion of the air enters through leaks in 


space of condenser. 
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those parts of the apparatus which are operated with 
internal pressures below that of the atmosphere. 

This can be appreciated best after an inspection of 
Fig. 1. The curve of air pumped out of the condenser 
was actually obtained by measuring the air drawn from 
a condenser serving an 8,000-kw. turbine. The curve 
of total steam used by this turbine is given to show the 
variation of this quantity with the load. Had all of 
the air originally come from the feed water, the quantity 
of air would have increased in the same proportion as did 
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FIGS. 1 TO 3. CURVES OF CONDENSER PERFORMANCE 
Fig. 1—Air pumped from a condenser serving an 8,000-kw. 
turbine. Fig. 2—Component pressures of air and steam at 
different temperatures. Fig. 3—Ratios of air and steam at 
different temperatures. 
the weight of steam used, as shown by the dotted line 
in the figure. Obviously the air must have entered largely 
through leakage and, moreover, the amount of leakage 
decreased greatly as the load increased. This is character- 
istic of all such installations. Assuming that leakage 
was reduced to zero at the maximum load, all of the air 
shown for that load must have come from the feed water. 
This being true there would have been 0.000095 Ib. of 
air per pound of feed water, which is obviously small. In 
reality leakage could not have been entirely eliminated, 
and the amount of air in the boiier feed must have been 
still less than this figure would indicate. 

Since most of the air enters through leakage and since, 
as will be shown later, the presence of air in the condenser 
is decidedly detrimental, it is important to keep the 
apparatus as air-tight as possible. It may be mentioned 
in passing that the performance shown by the curve of 
Fig. 1 is representative of good practice. 

The effect of this air on the condenser and its auxiliaries 
may now be investigated. For this purpose it will be 
necessary to know just how a condenser and its allied 
apparatus operate. The back pressure against which a 
prime mover exhausts is lowered so that the working 
substance may expand to a pressure below atmospheric 
and deliver a proportionately greater quantity of energy. 
Theoretically this lower pressure, or vacuum, could be 
maintained by pumping the working substance out of a 
vessel as fast as the prime mover exhausted it into that 
vessel. The pump would have to raise the pressure from 
that in the vessel to atmospheric in order to be able to 
discharge the working substance, and theoretically, this 
would require just as much energy as had been liberated 
by expansion from atmospheric pressure down to the 
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pressure maintained in the vacuum. Practically, it would 
require a great deal more, so that the process would 
result in a loss and a pump as large or larger than the 
prime mover would have to be used. 

If it were possible to reduce the volume of the working 
substance after it had been exhausted from the prime 
mover and before it entered the pump, the pumping work 
would be decreased and the size of the pump would be 
reduced. If the working substance were all steam, this 
would be simple, as its volume could be reduced until 
negligible by liquefying, or condensing, it before it entered 
the pump to have its pressure raised sufficiently high to 
enable it to pass out against atmospheric pressure. It 
is such a process that is approximated in a real condenser, 
but it is greatly modified by the presence of air that is 
obviously noncondensable under the conditions existing 
im such apparatus and that must therefore be removed 
from the condenser by a pump that is capable of raising 
its pressure from that maintained in the condenser to 
a pressure approximately equal to that of the atmosphere, 

The function of the condenser is to remove, by conden- 
sation, as much as possible of the steam that enters the 
apparatus mixed with the air, so that so far as possible 
the air pump will be required to pump air only. 

When two as steam and air 
occupy the same vessel at the same time, each behaves as 
though the other were not present. Thus each will 
exert upon the walls of that vessel the same pressure as 
it would if it alone occupied the vessel. The total 
pressure on the walls will therefore be the sum of the 
pressures exerted by the two materials respectively. This 
action is pictured in Fig. 4. The two springs shown 
hoth occupy the space within the cylinder, and both rest 
on the bottom of that cylinder. Each spring can be 
compressed any amount desired and can thus be made to 
exert any pressure, within limits, upon the bottom of 
the cylinder. The total pressure on the bottom of the 
cylinder will always be the sum of the pressures exerted 
hy the two springs respectively. 
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FIGS. 4 TO 6. DETAILS OF CONDENSER 

Fig. 4—Illustrating air and steam pressure, 


grammatie sketch of condenser. Fig. 
ut different temperatures. 


PRACTICE 
Fig. 5—Dia- 
6—Volume of mixture 
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The pressure at any point within a condenser must 
similarly be equal to the sum of the pressures exerted by 
the water vapor or steam and by the air present at that 
point. But under the conditions existing in a condenser, 
the steam is always saturated and the pressure which it 
exerts is definitely connected with its temperature, as 
shown by the steam tables. Thus if the temperature of 
the mixture happens to be 80 deg. F., the pressure exerted 
by the steam will be 0.505 Ib. abs. per sq.in.; if the temper- 
ature of the mixture happens to be 60 
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pressures that steam and air must exert at different 
temperatures in the assumed case for the total pressure 
to remain constant at 0.50504 Ib. per sq.in. 

From the known air pressures at different temperatures 
and the known proportions of the material entering the 
condenser, it is possible to determine the proportions which 
the mixture must have at different temperatures. These 
values are shown graphically in Fig. 3. The rapid increase 


in the amount of ai accompanying a given amount of 








deg. F., the pressure exerted by the sen 
steam will be 0.2562 Ib. abs. per sq.in. | bee 

These facts may now be applied to hae 
the study of an ideal condenser. As- 8 %% 
sume for this purpose a vessel such as a 
shown in Fig. Brith a steam-air mix- © °' 
ture entering continuously at the left beg 
end and so arranged that steam can & Ol 
be condensed out of the mixture as it aes 
flows toward the right. That part of _— 
the mixture that leaves through the °° 
small pipe at the right may be as- yee 
sumed to be received by an air pump om 


and to be delivered to the atmosphere. 


























Suppose the mixture enters at 80 deg. = = 
F. and that it contains 0.000126. Ib. 
of air per pound of steam, a_pro- 
portion corresponding approximately 
to the conditions shown in Fig. 1 for a 
load of 8,000 kw. The pressure exerted by the steam at 
80 deg. F. is given in the steam table as 0.505 Ib. abs. 
The pressure exerted by 0.000126 Ib. of air at 80 deg. F. 
and occupying the same volume as a pound of steam at 
that temperature can be determined from the laws of 
The value is about 0.00004 Ib. per sq.in. The 
pressure of the mixture at entrance must then be 0.505 
+ 0.00004 = 0.50504 Tb. per sq.in, 

Assume now that, by the time the mixture has reached 
the plane VY in Fig. 5, one-half of the steam has been 
condensed. This means that the weight of air originally 
mixed with one pound of steam must now be mixed with 
one-half pound of steam, or expressing it differently, air 
is present in the mixture at the plane VY in the 
proportion of 2 & 0.000126, or 0.000252, Ib. per Ib. of 
steam. 


FIG. 7. 
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Pressure OF Mixture IN CONDENSER 


In an ideal condenser the pressure of the mixture would 
be the same from end to end, and this will be assumed 
in this case. The pressure at the plane VY must therefore 
be 0.50504 Ib. per sq.in. From the known properties 
of steam and air can be found the part of this pressure 
that is.due to steam and the part that is due to air. 
Roughly, the pressure of the air will be about 0.00008 Ib. 
per sq.in. and that of the steam about 0.50492 Ib. The 
temperature of the steam will then be less than 80 deg. F., 
because at 80 deg. its pressure would be 0.505. Ib. per 
<q.in. A similar line of reasoning applied to different 
points through the length of the condenser will show that 
is the steam is condensed the temperature of the mixture 
must be decreased if the pressure is to remain constant. 
Constant temperature would indicate a rise of pressure 
toward the discharge end of the condenser. 

The effects of such a temperature change can be appre- 
tiated best after inspecting Fig. 2, which shows the partial 


Temperature of Mixture, Deg.F 
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UNDER OPERATION 


steam as the temperature of the mixture is decreased 
is important. 

Knowing the actual weight of air entering the condenser 
per pound of steam and having determined the ratio of 
air to steam at different temperatures, it is simple to 
determine next the volume of the mixture at different 
temperatures and the fraction of the steam that must 
have been condensed before each temperature was reached. 
the full-line curve 
in Fig. 6, and the percentage of steam still uncondensed 
at different temperatures is given similarly in Fig. 7. 

Inspection of the volume curve in Fig. 6 shows that with 
decreasing temperature the decrease of volume is at first 
rapid, but that it afterward becomes less and less rapid. 
The smaller this volume the smaller the air pump required 
to pump the material out of the condenser, But it is 
difficult to lower the temperature of a mixture rich in 


The variation in volume is shown by 


air, so that if we attempt to reduce the temperature too 
much, the amount of surface required rapidly increases. 
In practice, therefore, a compromise must be made between 
the cost of pump and pumping and the cost of cooling 
surface. From this viewpoint the best results are generally 
obtained when the pump has a capacity approximately 
equal to that shown just above the knee of the curve, 
when that curve is drawn for average operating conditions. 
Inspection of Fig. 7 shows that, to extract air at such 
temperatures under the condition here assumed, all but 
about 0.02 to 0.01 per cent. of the steam will have been 
condensed, It is also interesting to note that most of 
the steam is condensed at practically constant temperature, 
in the case assumed, all but about 0.25 per cent. had been 
condensed before the temperature dropped 1 deg. F. 
The work of the condenser surfaces can thus be divided 
into two parts—that of condensing steam at practically 
constant temperature and that of reducing the temperature 
of the remainder with small condensation in order to 
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decrease the work required of the pump. As. actually 
happens most of the surface is used for work of the first 
kind, only a small fraction. of the surface being used for 
cooling. 

We may now go a step farther and determine what 
would happen with increased air leakage. Suppose the 
capacity of the pump is limited to that required to 
remove the quantity of air previously assumed at a 
temperature of, say, 75 deg. F. If the quantity of air 
entering the air condenser is doubled, there must be a 
radical readjustment. Were we to assume the same 
initial steam temperature (80 deg. F.) and then to carry 
out all calculations as before, we should obtain volumes of 
mixture, as indicated by the dotted curve in Fig. 6, and 
percentages of steam uncondensed, as shown by the dotted 
curve in Fig. 7%. The pressure then would be about 
0.50508 Ib. per sq.in. instead of 0.50504, as before. 

If now some delivery temperature is chosen, say 75 
deg. IF’. as before, the curves show that the volume of 
ihe mixture and the percentage of steam uncondensed 
are practically twice as great when the quantity of air 
per pound of steam entering is twice as great. This can 
be seen readily if it is remembered that the total pressure 
has been taken to be practically the same (0.50504 and 
0.50508 Ib. per sq.in.) and also the temperature at 75 
deg. FF. The partial pressure of the steam will be the 
same in both cases, because it is determined only by the 
temperature. Therefore the partial pressure of the air 
must be practically the same in both cases, as it is the 
difference between the total pressure and the part of that 
pressure which is due to the steam. If the pressure and 
the temperature of the air are the same in both cases, 
however, it follows that its volume must be twice as great 
in the second there is twice as much 
present. 


case, because 


DISPLACEMENT or Arr Pump 


Also, since the steam fills all the space occupied by the 
air, it follows that there must be twice as much steam 
uncondensed at 60 deg. F. in the second case, because 
there is twice as much space to fill. Obviously an air 
vump just capable of handling the mixture at 75 deg. F. 
ii the first case would have about half the displacement 
required in the second case. 

If this pump must be used in the second case, one of 
two things or a combination of the two must occur. 
Hither the temperature of the mixture must be reduced to 
a much lower value, or the pressure of the mixture must 
Any 
one of the three possibilities will decrease the volume. 

Evidently from the volume curve, Fig. 6, to halve the 
volume possessed at 75 deg., the temperature would have 
to be reduced to below 70 deg. F., and this additional 
cooling might be impossible im the condenser as con- 
structed or with water at the temperature available. 

The only alternative would appear to be the raising of 
the pressure. At 75 dey. F. the pressure of the steam 
present is 0.4288 Ib., and with a total pressure of 0.50508 
the pressure of the air must be 0.50508 — 0.4288 = 
0.07628 Ib. To halve the volume the air pressure must 
be doubled, that is, raised to 0.07628 & 2 = 0.15256 Ib., 
and the total pressure of the mixture would then be 
0.4288 + 0.15256 = 0.58136 Ib. per sq.in. But this 
pressure could not exist at the region in the condenser at 
which the mixture has a temperature of 75 deg. F. unless 


he increased, or both of these things must occur. 
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at least as high a pressure existed at the entrance to the 
condenser. 

Therefore, unless the air is cooled to a lower temperature 
with increased leakage, the pressure in the condenser 
must rise, with double air leakage, from 0.50508 to 
0.58136 Ib. per sq.in. abs. in order that the air pump 
may be able to handle the air and noncondensable vapors, 
And this is approximately what happens in a real con- 
denser. The pressure therein adjusts itself until the 
volume of the material at the temperature existing at 
the condenser air nozzle can be received and discharged 
by the pump. It is masked to a certain extent in real 
condensers by the drop in pressure that always occurs 
between inlet and outlet and by the fact that as the 
pressure throughout the condenser rises, the temperature 
head between steam and water changes, so that the 
performance of the cooling surface changes. 

In general, however, the greater the air leakage the 
higher the pressure in the condenser, and therefore air 
This 
can probably be appreciated best from a study of Fig. 8, 
which shows results obtained with a real unit. Air was 
admitted to the unit at different rates while the load was 
maintained constant. The total amount of air handled 
by the air pump under each condition of leakage was 
determined by measuring the air-pump discharge with 
a large gasometer. The figure shows very well how 
sensitive the condenser pressure is with regard to air 


leakage should be prevented as much as possible. 


leakage. 


. 
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Decemulsibility Testing of 
Enmgime Oils 


By Frank T. Lerircu 


Oils for the lubrication of high-speed engines or other 
machinery employing a system of oiling in which the oil 
comes into contact with water should not emulsify. Many 
plants determine by trial the oil best suited to their 
conditions and confine their purchases to the proved 
brands. For a large consumer this plan is not desirable, 
as it eliminates competition. To permit this, but at the 
same time secure oils that will be satisfactory, it is 
customary to purchase the oils under specifications, which 
usually limit the composition, specific gravity, viscosity 
and flashpoint. 

The results of tests on three engine oils offered under 
the same specifications ave tabulated here: 


A B © 
Specific gravity at 60 deg. F....... 0.8999 0.9088 0.8779 
RMU WINN, De oka Gece knoe wb ame 392 parent 385 
Re IE ace lorice sae Werke ore evn eS eae he None None None 
NE Sonate eae ale laen a heals salou ad ar whale ext None None None 
MaDOMET: MGCONMIRE o.o6jos5sca sense ans None None None 


From an examination of the foregoing it might be 
inferred that in view of the almost identical character 
oi the oils their lubricating qualities would be about the 
same. The viscosity curves of these oils are given in 
the illustration and for B and C are practically coincident. 
ILowever, when used on the engines A was entirely satis- 
factory, B fairly so, but C totally unsuited. Thus it was 
clear that some other test would be necessary to determine 
the suitability of oils for actual service. 

The question was taken up with the Bureau otf 
Standards at Washington, and a test for deémulsibility 
was suggested upon which the bureau has been working. 
This test consists of stirring for five minutes a mixture 
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of 20 ec. of oil and 40 ¢.c. of water in a cylinder 1 in. 
diameter, the stirring being done by a flat paddle 7 in. 
wide by 31% in. long rotated at 1,500 rpm. The 
deémulsibility is determined by noting the rate of separa- 
tion of the oil and water, this being expressed in cubic 
centimeters of separation per hour. The bureau, in the 
light of its present experience, recommends that the 
mixture be stirred and allowed to separate at a temperature 
of 122 deg. F. 

Deémulsibility tests of A, B and C gave the following 
results: A, 0+; B, 60; C, 94. These results bear out 
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the results of actual tests on the engines and lead to the 
belief that the deémulsibility test, if incorporated into oil 
specifications, will furnish a reliable means of determining 
the suitability of a given oil. 


Power from a Pumping Plant 
sy H. A. MeGraw 


It is usually considered that the power expended in 
operating a pumping plant is used without possibility of 
return, and any arrangement by which a part of the ex- 
penditure may be recovered and applied to further use 
may be considered novel. It happens only rarely that 
such a combination is feasible, one of the cases being 
that of the Homestake Mining Co., at Lead, S. D. 

For the successful operation of the Homestake stamp 
mills, by means of which gold is recovered from the ores, 
a large quantity of water is required—more than is avail- 
able in the near-by streams. To supply that water the 
company years ago built a pumping station at Hanna, 
on the far side of a divide, where a sufficient quantity of 
water is available. A steam plant was installed and Ried- 
ler pumping engines were used to force the water over 
the divide and into the Lead mills. The engines have 
been in use for 15 years, and not once has it been neces- 
sary to stop them in that time. 
to the greater efficiency attained by utilizing steam 
through turbines and the improved facility of electrical 
transmission, it has been found advisable to discard the 
~team-driven pumps. 


Now, however, owing 
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FIG. 1. 


EXTERIOR OF THE POWER STATION 


The new units consist of three 2,000-gal., one 1,000- 
gal. and one 500-gal. double-suction turbine centrifugal 
pumps, directly connected to electric motors. The large 
pumps have 10-in. discharge pipes and are connected each 
to a 300-hp. 60-cycle three-phase motor operating on 
2,200 volts and at 1,160 r.p.m., equipped with hand 
starters. The 1,000-gal. pump has 8-in. discharge and 
is connected to a 150-hp. motor of 1,750 r.p.m., and the 
500-gal. pump to a 100-hp. motor having the same speed ; 
the latter pump has a 5-in. discharge. 

Because of the small amount of floor space required by 
the centrifugal pumps and their motors, it was found 
possible to assemble the installation on the lower floor, 
or basement, of the pumping station without disturbing 
the Riedler engines. Thus no interruption of the pump- 
ing service has been or will be required. At present one 
of the 2,000-gal. centrifugal pumps has been put into 
service, while foundations are being prepared for the 
others, and it will be only a short time until the service 
will be completely taken over by the new electrically 
driven pumps. The 2,000-gal. pump now running takes 
250 kw. on the average, but there is no means for measur- 
ing the quantity of water delivered since there are two 
steam pumps still forcing water into the same discharge 
line. Power for operating the Hanna pumping plant is 
supplied electrically from a turbo-generating plant located 
at Lead. S. D. 

From the pumping station the net lift for the pumps 
is 380 ft. Crossing the divide the water comes down grade 
on the Englewood side, having a total fall of 485 ft. It 
is here that the novel features of the arrangement become 
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apparent, for the water column is led into the Englewood 
power-generating plant, where the energy of the water is 
converted into electrical current through Pelton wheels 
connected to electrical generators. Here a part of the 
power used in pumping the water over the divide is re- 
turned in a form available for further use. The gener- 
ating station, Fig. 1, is equipped with the requisites for 
power generation and transmission. Fig. 2 shows some 
of the generating units. Through this plant about 400 
kw. is recovered. 

For the operation of the pumping station at Hanna, 
power is transmitted from the Lead power plant over a 
double transmission line, thus provided to prevent inter- 
ruptions. The average work for the pumps is 700 minute- 
feet of water, and to this is added about 160 minute-feet 
of gravity water on the divide. The arrangement in its 
complete form makes a clever and unusual way of * 
ting one’s money back.” 


ret- 


— 


bs 


Defender Gas Suction Pump 


A device for cleaning the gas out of the pipe connec- 
tion between boilers and CO, machines, called the Defender 
gas suction pump, is manufactured by the Defender Auto- 
matic Regulator Co., Oriel Building, St. Louis, Mo. 

The pump illustrated herewith is mounted on a shelf 
and is connected to a water bottle on a spring-supported 
base that holds the bottle against a rubber stop. A couple 


























APPLICATION OF 


GAS SUCTION PUMP 

of strokes of the pump plunger will clean the gas out of 
50 to 100 ft. of Y-in. gas pipe leading from the boiler. 
This permits of placing the CO, machine at a distance 
from the boiler, and the vas lines from the different units 
can be run to it through the rubber tube connecting with 
the vertical pipe. The appliance is suitable for use with 
any Orsat. It is a labor saver and there is practically 
nothing to get out of order or to wear. 
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Guarps Firxp a, Boms 

Plants engaged in making ammunition and arms in 
many instances employ guards to patrol their works. 
One of these fellows at a certain plant recently found 
what he took to be a 
bomb in a_ tunnel 
close to the works. 
It was a grim and 
deadly looking thing, 
and he had visions of 
promotion for find- 
ing it—that is, if it 
did not explode 
meanwhile. With the 
assistance of two 
other courageous guards, the bomb was carefully placed 
in a pail of water and soaked for several hours. Then 
it was removed and gingerly taken apart, but nothing 
of an explosive character was found, for, truth to tell, 
it was only a Sarco steam trap accidentally left in the 
tunnel, 





Thar PowrrruL Gas 

darney’s job for several days had been to break up the 
hundles of sheets for the “crown” of a 4,000,000-cu.ft. 
illwninating-gas holder and drag them to a point handy 
for the sheet-hanging gangs. He had gained a strong 
impression of the total weight of these sheets and near 
quitting time one day he looked up at the top of the 
euide frame some 150 ft. above him and said to a fore- 
man: “Bill, will that crown go clear up to the top there, 
when they fill the tank, and if it does what takes it up 
there?” “The gas pressure,” answered the foreman, 
“which will be about 6 0z. to the sq.in.” “Only 6 0z.?” 
Barney was nonplussed, He knew the foreman could be 
trusted, but he thought of the sheets he’d dragged for a 
week. Then he looked across the giant tank some 200-odd 
ft. in diameter, back at the piled sheets still waiting, and 
then suddenly turned and delivered his solution: “Gosh ! 
but that gas must be powerful stuff!’—H. B. McDermid, 
Worcester, Mass. 


HoLpInc tie Water LEVEL 


Pat, the fireman in a certain power plant where the 
boilers were heavily loaded, was allowed to tend his own 
feed water for the first time. The rate of evaporation 
being pretty high, the feed pump had to be kept working 
constantly. After a time the engineer was conscious that 
the pump had stopped. Te hurried to the boiler room, 
but a glance at the gage-glass showed that the water level 
seemed about right. “Pat, why isn’t the pump running 7” 
“Well, you see, sor, Pve been havin’ trouble all evening to 
hold enough wather, sor, so T just shut the little valve 
there, sor (pointing to the bottom of the glass), and now 
I can hold the wather level easy.” The engineer jumped 
for the valve, opened it, found he could just barely avert 
a shutdown, and did so—but never again did Pat tend his 
own water.— IT. B. McDermid, Worcester, Mass. 

8 

Cheap Pay and High Cost— . . . not mentioning the 
fact that generally cheap pay to attendants results in high 
cost per kilowatt-hour, usually on the coal item and often in 
maintenance.—Polakov. 
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Latest lligh-Water Mark in 
Turbine Development 


The development in magnitude and economy of the 
steam turbine has been such during recent years that 
somehow the profession is expectant—is immune to aston- 
ishment on the announcement of the latest “high-water 
mark.” 

At the time the thirty-thousand-kilowatt “cross- 
compound” units were developed for the Seventy-fourth 
Street Station of the Interborough Rapid Transit Com- 
pany, their designer, Francis Hodgkinson, said in his 
article in Power of Sept. 15, 1914: *This cross-compound 
principle will permit of turbines being designed in what 
are, in effect, single units up to fifty or one-hundred 
thousand kilowatts, should machines of such large capaci- 
ties be required. In the case of such sizes three stages 
would probably be employed.” This prophecy is a reality, 
as an order for a seventy-thousand-kilowatt machine has 
been placed by the Interborough Rapid Transit Company 
with the Westinghouse Electric and Manufacturing Co. 
At this writing the water rates of the unit are not avail- 
able, but they will be better than those for the Seventy- 
fourth Street thirty-thousand-kilowatt units now running, 
the best guaranteed performance of these latter being 
eleven and twenty-seven one hundredths pounds per 
kilowatt hour for a load of twenty-five thousand kilo- 
watts. It is noteworthy that all three rotors of the new 
machine will run at fifteen-hundred revolutions per min- 
ute. A unit of the design of this largest one has advan- 
tages of control that are more than interesting. These 
will be treated of in an article now being prepared by one 
of Power's staff. 

In these days, when so many are discussing the econom- 
ical advantages of extremely high steam pressures, it is 
interesting to observe the results of the application of 
these theories to practice. In his capacity as consulting 
engineer for an electric company in Buifalo, N. Y., HL. G. 
Stott sent out for tentative and guarantees for 
turbines to operate under two conditions: Two hundred 
and seventy-five pounds’ pressure and two-hundred and 
seventy-five degrees’ superbeat : six-hundred pounds” pres- 
sure and superheat enough to approximately approach 
the same total temperature as in the first condition, 
namely, six-hundred and eighty-four degrees. In 
case the guarantees for the more moderate pressure and 
higher superheat were appreciably better than for the 
higher pressure and more moderate superhea’. Evidently 
then, when it comes down to “brass tacks,” builders are 
not prepared, at this time at least, to guarantee what is 
<0 enthusiastically acclaimed by advocates of the very 
high pressure and moderate superheat unit. 

If the chief reason is other than that the density 
of the steam at the higher pressure is considerably 
ereater than at the lower, while the blade 
remain constant, thus causing far greater leakage losses, 
it would be interesting to us all to have designers like 
W. L. R. Emmett and Oscar F. Junggren of Schenectady, 
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Mr. Hodgkinson of Pittsburgh, Richard Rice, of Lynn, 
and others tell why. 

The guaranteed water rate of the twenty-thousand- 
kilowatt machines for the Buffalo plant, where two- 
hundred and seventy-five pounds’ and two- 
hundred and seventy-five degrees’ superheat will be used, 
is, as far as we are able to learn, the lowest on record for 
turbines, ten and two-tenths pounds per kilowatt hour. 

Those who remember the astonishment, particularly 
among European engineers, when the two-thousand- 
kilowatt turbine was built for the Hartford Electric Light 
Company in 1900, because it was such enormous capacity 
to inclose in a single casing, will smile to know that each 
of the three thirty-five-thousand-kilowatt machines which 
the General Electric Company will furnish for the Fifty- 
ninth Street power house of the Interborough Rapid 
Transit Company will have a single casing. Distortion 
due to great temperature differences in a single casing 
seems to have ceased to be a bugbear, at least to the 
designer: but the man who operates a turbine knows that 
distortion is his nightmare. 


pressu re 


Boiler Imspector’s Main Concern 


Engineers who regard the boiler inspector’s visit to 
the plant with feelings of resentment are by no means 
rare. Sometimes, in such cases, the truculence displayed 
has its origin in excessive ego, which balks the operating 
man from getting an accurate mental focus on the why 
and wherefore of the inspector’s visits. But generally 
it is because the engineer harbors a conviction in’ the 
depths of his soul, whether or not he is willing to admit 
the fact, that the boilers are in 


close inspection. 


no condition to stand 


Whenever an engineer prates against the bringing in of 
an outsider to pass judgment upon the plant and gives 
full vent to his powers of persuasion in an effort to 
boiler insurance and the 
periodical inspections going with it stand for nothing more 


convince his emplover that 


than an extravagant expenditure of money, it is a moral 
certainty that there is a robust Senegambian in the wood- 
pile. There are some hidden facts about the boilers that 
do not comport with accepted principles of safety and 
economy. 

It may be asked why these protesting engineers permit 
their boiler plants to run down to an extent that will 
Why do 
they not put their boilers in such order that they will be 
proud to have the inspector take a look? The explanation 
may be seen only in the operating man’s inertia, in his dis- 


make them dread the approach of the inspector. 


inclination to get in motion when the only inciting im- 
pulse is his own consciousness that the job ought to be 
When some men are left to their own initiative 
in matters of this kind—when they are not goaded to 
their tasks under the critical eve of a superior—they are 


done. 


prone to lapse into habits of neglect, even in so serious a 
matter as the care of a steam boiler, and perhaps with a 
perfect understanding of the consequences. 
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The opponent of boiler inspection will perhaps aver that 
his education as a steam engineer, and particularly the 
experience that he has acquired during his term of service 
in the plant directly under consideration, renders him as 
well qualified as any man to know the state of the boilers 
and what activities are needed to keep them in a safe 
working condition. “I am as good a judge of a boiler’s 
safety as any inspector on the job” is an expression fre- 
quently used by the engineer where boiler insurance 
is an issue. 

Granting the soundness of this contention, that is not 
the point at issue. The need of the inspector’s visit to 
the plant does not revolve around a question of whether 
the engineer in charge has a respectable knowledge of 
boilers and the ability to keep them in working trim. 
It might even be admitted that the engineer is fully the 
equal of the inspector in this regard; and for good 
measure, the inspector, if a complaisant sort of chap, 
might concede that the engineer outshines him a bit in his 
wealth of boiler lore. It is the fallibility, together with 
the flaw of unreliability latent in all human character 
in varying degree, that supplies one substantial reason— 
and for that matter, it might be put forward as the 
principal one—for projecting the boiler inspector into 
the field of power-plant management. He has no special 
concern either as to the depth or shallowness of the engi- 
neer’s knowledge of boilers. His mission, first and last, 
is to search around and note if those things that make 
for the safety and preservation of the boiler structure are 
faithfully observed. The point of interrogation with the 
inspector is, in short, not what the engineer knows, but 
what he does. 


Efficiemt Purchasing by the 
Engimeer 


Upon the engineer in many plants falls the responsi- 
bility of purchasing supplies, and unless he studies to 
buy wisely he is likely some day to become subject to 
criticism. The lowest price obtainable is not the solution 
ef every purchasing problem; the best service for the 
outlay is the real criterion. 

The engineer who would buy well today must know 
as much about the material as the man that sells it, and 
sometimes more. His knowledge must be broad, and it 
is seldom completed. His is a position demanding con- 
tinual study, not only of new material or of that not 
hefore purchased, but of supplies repeatedly bought, so 
as to keep in close touch with conditions of sale and use. 
Competition should be encouraged even in minor pur- 
chases for one’s employer. Only through competition 
can the engineer go into the market and buy with the 
certainty that the price paid is right. The compilation 
cf a directory of supply dealers based upon information 
received from every source is heipful and above all, effort 
should be made to keep it uptodate. 

Where a large list of possible bidders confronts the 
engineer dealing with a comparatively small order, the 
use of all the different concerns at a time may not be 
feasible, but enough should be selected to secure worth- 
while bids, keeping open several possible sources of sup- 
ply. The interest of the different competitors should not 
be allowed to lag, and the engineer will do well to avoid 
becoming dependent upon a small group of manufac- 


imrers. All bidders should be stimulated by expressions 
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of thanks for their quotations, and also at times, on orders 
of any size, regrets should be extended for their unsuc- 
cessful proposals. This is a point often overlooked. 

It ought not to be necessary to emphasize the import- 
ance of filling out complete orders with all needed data 
as to shipping directions, terms of delivery, price and 
signatures, keeping a copy for filing. An order is a con- 
tract between the buyer and the seller, and the seller is 
hound if he accepts it, even if he makes no formal 
acknowledgment to the buyer, to supply material of the 
stipulated kind and at the price stated. Great 
should be exercised in issuing an order to have it call for 
material of the exact nature and quantity wanted. The 
custom of asking for supplies at the price last paid and 
without specifying the latter or putting the details of the 
material on paper opens the door to a great deal of possi- 
ble delay and trouble. 

There is no reason why the engineer should not also 
be a good business man within the limits of his field, 
and the exercise of common sense in careful purchasing 
will in the long run save the plant owner money and help 
prove the qualifications of the engineer to be intrusted 
with greater responsibilities. 
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care 


If those responsible for Chicago’s smoke were one- 
quarter as thorough in their work as was the technica! 
staff that compiled the recent smoke report of the Associa- 
tion of Commerce Committee, the bound volume could 
be carried by at least one able-bodied man. 
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Firemen in Middle West plant use long-handled shov- 
els to prevent burning their bodies when boilers are 
forced to 175 per cent. rating.—News item. 
shirts are worn for the same purpose. 


Sometimes 
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“Engineering is getting as popular as politics,” says 
the president of Brown University. But Maurice L. Cook. 
of Philadelphia, can tell you that some engineers are 
not popular with politicians. 


3S 


The coroner said he would not hold an inquest on the 
New Brunswick, N. J., 
were killed. 


boiler explosion in which two 
Well, it won't make any difference. 

Every once in a while geologists tell us of the great 
quantity of coal in Alaska. What good will it do us? 
They will need it all to keep warm. 


. 
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With a coal shortage staring us in the very bunkers, 
dealers in Bunkine to pour on the pile should do a great 
business, 

We cannot help thinking that some day the small auto- 
matic refrigerating machine will put man in 


storage. 


the ice 


@ 
And now the engineer plays King Winter to the public. 
Have you converted your freezing tank 
rink ? 


into a skating 


® 


“Firing Tool Explodes.”—Headline. Thus do the 


Fates pursue the man with the hoe. 
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Measuring Indicator Diagrams 

I happened into a medium-sized steam-electric plant a 
few days ago and found the chief engineer working on 
one of his engines. An indicator was rigged up, and 
the chief was fussing and fuming over the cord attached 
to the reducing wheel. After a few trials to see how 
long a card was made, he would pull a pad from his hip 
pocket and laboriously do some calculating, shake his head 
and try again at the cord. After watching him a few 
moments, I inquired what was the trouble. 

It developed that he had unpacked a new indicator a 
few days before and was attempting to take a few dia- 
grams from this engine, which seemed to be working 





















































badly. He was trying to adjust the reducing motion 
and was at a loss to know what length the diagram should 
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After a diagram had been taken, the figure generally 
desired, after it shows that the valves have been properly 
set, is the mean effective pressure (m.e.p.) which is nec- 
essary in the horsepower formula. 

The planimeter, when used, registers the area of the 
diagram. This area divided by the length of the dia- 
gram gives the mean height, or the average rise of the 
indicator piston during one stroke. The higher the pres- 
sure of the steam for a given scale of spring, the higher 
the piston will rise. After obtaining the mean height, 
multiply it by the scale of the indicator spring. By the 
scale of the.spring is meant the amount of steam pres- 
sure per square inch that is required on the indicator 
piston to raise it 1 in. 

Suppose that in Fig. 1 the diagram found by this 
method has an area of 2.88 sq.in., which is equivalent 
to a rectangle having a length of 5 in. and a height of 
0.96 in., which latter is the mean heieht of the card. If, 
then, the scale of the spring used was 60, the m.e.p. dur- 
ing one stroke is 60 & 0.96 

Going back to the point that was troubling my friend, 


57.6 lb. per sq.in. 


the engineer, assume that the reducing motion was such 
that it described a diagram 4.5 in. long, as per Fig. 2: 
with the same scale of spring it is evident that the mean 
height of the new card is no more and no less than in 
the first case. Therefore by increasing the length of the 
card a certain percentage, we likewise increase the area 
in the same proportion. With the planimeter it will be 
found that the area of diagram No. 2 is 4.52 sq.in.  Di- 
viding this by the length of the card, or 4.5 in., we get 
0.96 in., the mean height of the diagram, as before. 

If a planimeter is not at hand, the method for finding 
Divide the length of the dia- 
gram, Fig. 1, into any number of equal spaces—the more 
as shown by the light ver- 
Then bisect each of these equal spaces and 
erect vertical lines through the points, as shown by the 
Next find the sum of the lengths of these 
dotted lines by direct measurement, but this is a slow 
and tedious process, as the length 
ought to be accurately — sealed, 
which is not easily done. 

[ recommend that a pair of di- 


























FIG, 1. DIAGRAM DIVIDED BY ORDINATES 
the m.e.p. is as follows: 
the better: in this case 27, 
tical lines. 
dotted lines. 
FIG. 2. DIAGRAM HAVING SAME MEAN HEIGHT AS FIG. 1 


he. He said he knew that it had something to do with 
the revolutions per minute and the length of the stroke, 
but just couldn’t get to it! He never had had to “break 
in” a new indicator, he said, as all the others he ever used 
“were set,” and he never had this job to contend with 
hefore. 

Of course I helped the old fellow out of his dilemma, 
hut when I told him his ecard could be any length at all 
within the limits of the apparatus, he thought I was try- 
ing to fool him. There may be other engineers, first- 
lass fellows like my friend, but who would also get 
caught with a new indicator. 


viders be used and each line stepped 
off on a continuous straight line; 
then measure the length over all 
of this line, which in the problem will be 2538 in. This, 
divided by the number of dotted lines, will give the aver- 
age length of all the lines, or 0.96 in., as before. 

If the diagram were 4.5 in. long, the mean height 
would not change, which can be proved by taking Fig. 2 
and dividing it by vertical lines as for Fig. 1. It will 
be found that the sum of the lengths of these lines is 
greater than the diagram Fig. 1. but dividing this sum 
by the number of spaces into which it has been divided, 
the average length of the lines will be 0.96 in., again 
showing that the length of the diagram is immaterial. 

Erie, Penn. Wittiam C, Srrort. 
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Am Oil and a Money Saver 


How many readers of Power are letting all small drips 
and drains from machinery run into the sewer? In al- 
most all drips and drains there is a certain amount of 
oil that a separator like the one described and illustrated 
will catch, and IT am sure that in the course of a year 


O// 





OIL TRAP IN WASTE LINE TO SEWER 
it will pay for itself many times over. 
saving amounted to 100 gal. per month. 

The separator is very simple in construction, being 
nothing more than a tank with a partition and a pipe 
connected in the bottom of the partition and extending 
up near the top. 

The action is as follows: A mixture of water and oil 
enters at A until the tank is filled up to B; then the 
water from the bottom runs over at @ and thence to the 
sewer, and the oil is drawn off at the faucet. Once made, 
this oil separator is always on the job whenever neces- 
sary. Kpwarp ©, Epney. 

Birmingham, Ala. 


In one plant the 


‘* 


Peculiar Cylinder-llead Break 


The following account of a cylinder-head break may be 
of interest to readers of Power, as the location of the 
erack is somewhat out of the ordinary. The fracture oc- 
curred on the left cylinder of a pair of 250-hp. engines 


Cracked all around, 





HOW THE CYLINDER HEAD WAS CRACKED 


direct-connected to a 400-kw. alternator and running 
noncondensing. 

About 10 o’clock one evening the operator heard a 
slight click in the eylinder, which grew worse, where- 
upon he started another unit, but before getting the noisy 
engine shut down there was a loud knock and = steam 
hegan to work out around the false head. 
the engine stopped, the false |iead was removed and the 
eylinder head was found to be cracked, as shown in the 
sketch and which is peculiar and was somewhat mystert- 
ous until the cause had been determined. 


As soon as 
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Upon removing the head it was discovered that the 
piston, which was solid and fitted with snap rings, had 
become loose. The piston was originally shrunk on the 
rod, countersunk about 34 in. and the end of the rod 
peened over. About three-fourths of the peened por- 
tion had broken off and dropped just far enough to be- 
come wedged between the cylinder head and the piston, 
the imprint of it being plainly shown on both. None 
of the studs was broken but all were bent outward. Luck- 
ily the head did not leave the cylinder. 


{thaca, N. Y. C. B. Hupson 


Should Ammonia Compressor 
Valve Be Closed? 


An ammonia compressor was shut down each night, 
and the suction valve was closed and the discharge stop 
valves left open for safety when starting. The compres- 
sor discharge valve and piston leaked a little, and this put 
head pressure on the stuffing-boxes and resulted in con- 
siderable loss of ammonia, as the stuffing-boxes would not 
hold that pressure, though they would hold the back pres- 
sure when considerably slacked off. 

Another compressor was shut down at night and the 
only main liquid valve from the receiver closed. There 
was some liquid in the coils on starting, but I believe 
that is better than putting head pressure on a stuffing- 
hox not built for it. L prefer to close both suction and 
discharge stop valves if a shutdown is going to be long 
enough to make it worth while closing either. But it 
seems to me more important to get the discharge valve 
shut than to shut the suction if only one valve is closed. 
A rod will cool after the machine is stopped and will con- 
tract enough to leak with a high pressure on it even if 
the gland is tightened when first shut down. If the dis- 
charge valves are always shut and everyone knows it, they 
will be opened before starting. If not regularly shut, 
there is liability of someone starting with them shut. 

Washington, D.C. Morris ELLison. 


2 


Is There Power im Vacuum? 


On two recent occasions at engineers’ meetings which 
I have attended questions have been asked concerning 
vacuum, and there are those who seem to believe there 
is power in vacuum. My object here is to give my reasons 
for not agreeing with the advocates of this theory, and 
to prove that there is no power in vacuum, 

Science teaches that each particle or space throughout 
the universe contains energy, and physics teaches that 
vacuum is space entirely devoid of matter. In creating 
a vacuum, mechanical means are employed to remove this 
ever-existing energy from one side of the equipment so 
that the atmospheric pressure can manifest itself on the 
other. 

Some magnetism and vacuum 
similar. This is a mistaken idea because the invisible 
and intangible lines of magnetic force will lift or pull 
iron or steel, but vacuum has no such power. Take a 
hoiler or other closed vessel containing steam at an) 
pressure above the atmosphere and allow the steam to 
condense, reducing its volume and creating a_ partial 
vacuum. On opening a connecting line there will be an 
inrush of air tending to equalize the external and_ the 
internal pressure. Energy is exerted through this inrush 
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of air and not through any efforts on the part of the 
vacuum. 

A familiar experiment is that of a steam engine with 
the piston centrally located in a cylinder and a vacuum 
produced on both sides. “Produce” I believe is a move 
appropriate word than “create,” for creating is building 
or making something from nothing, which is not possible, 
and in producing a vacuum we destroy or remove some- 
thing. To the crank end is admitted atmospheric pressure, 
and the piston moves toward the head end with the inrush 
of air. This seems to be proof that vacuum has no 
power, the power being derived from the atmospheric 
pressure and not from vacuum. 

It is true that with the use of a vacuum, an engine 
develops greater power. This is realized when operating 
an engine condensing and the vacumn breaks, thereby 
admitting atmospheric pressure against the piston. But 
there is usually some back pressure working against it 
and supposing this back pressure to be only 2 Ib., it 
decreases the power of the engine. The 14.7-lb., or 
atmospheric, pressure will do precisely the same thing 
to a proportionally greater degree. Producing a vacuum 
is neither more nor less than removing this atmospheric 
pressure, which in this case is back pressure; and the 
more of this back pressure that is removed, giving the 
engine more freedom to work on the high-pressure side, 
the greater will be the power produced for the greater 
will be the mean effective pressure. 

It therefore seems erroneous to say that there is power 
in vacuum, as we cannot produce effect without cause or 
movement without power. Inert matter cannot move 
itself, any more than can something be made out of 
nothing. The idea that such a thing as true power exists 
in a vacuum is misleading, as vacuum cannot pull any 
movable object, but it must depend entirely upon external 
properties for whatever power is derived from it, there- 
fore there is no power in vacuum. L. EK. KENNEY. 

Brooklyn, N. Y. 


x 


Groaning im Steam Pump 


EK. Blondet, in the issue of Feb. 1, page 162, asks 
sug zestions for the prevention of groaning in a steam 
pump. The cylinder oi] used may be too heavy, and I 
would suggest trying a lighter oil. Since the pump has 
just been overhauled, it may be that the piston rings 
scrape the oil from the walls of the cylinder, in which 
case the remedy is to chamfer the edges of the rings 
slightly. 

Another thing that may cause the groaning is tight 
packing en the water end of the pump. The excessive 
friction of too tight packing causes groaning, although 
that will stop after a while. If, however, he is sure the 
vroaning is in the steam end, let him mix a little graphite 
with the cylinder oil and inject the mixture into the 
‘team cylinder using a hand pump. 


Middletown, N. Y. G. T. Micitarns. 


I once had a similar experience on taking charge of a 
new plant. The valves and steam cylinder showed good 
lubrication, and the piston rings were well fitted with good 
hearing surface all the way around and had a clearance 
sap of about 0.005 in. 

On examining the water cylinder, IT found the packing 
6 tight that it was difficult to remove it with a packing 
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hook. It had evidently been cut too long, for when it 
was cut a little shorter the groaning stopped. 

1 find it well to cut hydraulic packing short, about 
14 in. to the foot, when used in a hot-water pump. 

Saginaw, Mich. J. R. LAcure. 
read about Mr. Blondet’s trouble. This 
is usually caused by one of two things—lack of lubrication 
or excessive rubbing action between parts. Two or three 
pints of good cylinder oil in 10 hr. certainly is enough, 
unless there is some way for the oil to escape without 
entering the pump. 

From the fact that the pump cylinders were rebored 
and new rods supplied, I should imagine that the trouble 
was due to the cylinders not being in line as now assembled 
by the machinist. The pistons may be binding in the 
cylinders and the new rods acting the same way in the 
glands. 

I would suggest that Mr. Blondet remove the pistons 
and rods from the pump and test the cylinders by 
stretching a thin line or wire through the glands from 
one cylinder end to the other and see if they are in line. 
He might also make sure that the piston rings are not 
too tight. In addition, a careful examination of the 
pistons, cylinders and rods will undoubtedly show where 
the rub is and, in fact, might reveal the cause of the 
trouble. 

Brooklyn, N. Y. 


I also have 


WarreN D. Lewis. 


Broken Fan Shaft Repaired 


The illustration shows how a broken fan shaft on a lake 
steamer equipped with induced draft was fixed. The shaft 
broke flush with the hub of the coupling while the steamer 
was in midlake, and full speed could not be maintained 
with natural draft. 

The broken piece of shaft was removed, the coupling 
was bored out in a lathe to fit the large part of the shaft, 
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Break occurred here 





” 
3 Pipe as Spreaders 





COUPLING ON SHORT SHAFT 


and holes were drilled for two %4-in. setscrews. Coupling 
bolts were made 3 in. longer than the original ones, and 
thimbles of %4-in. 


> 


pipe 3 in. 
the bolts and act as spreaders. 


long were cut to go 
The work was completed 
in 2'4 hr., and the boat was then able to proceed at full 


speed. 
Toledo. Ohio. 


over 


J. AW. CuNNINGIVAM. 
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Water-Cooled Sampling Tube 


The sketches show a sampling tube that has been a 
success in taking samples of high-temperature gases. No 
ordinary pipe would stand the high temperature in some 
parts of the furnace. Provision is made for water cir- 
culation to the extreme end. The sampler is made of 
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ordinary pipe fittings put together by ordinary methods, 
with the exception of the Vg-in, gas-inlet tubes, which 
must be brazed—tirst, to the inner casing and, after in- 
serting, to the outer casing. 

For convenience, hose connections may be made to the 
inlet and outlet water pipes. A nipple-lined orifice 1s 
provided in the side wall of the furnace to admit the 
sampling tube. This nipple, extending as it does through 
the furnace wall, provides a suitable support for the tube. 
The nipple may extend sufficiently to be capped when not 
in use, Epwarb T. BINNs. 

Philadelphia, Penn. 


Estimating 


<) 


om New Equipment 


In estimating the cost of changing the location of ma- 
chinery already installed or putting in new machinery, 
the accompanying tabulation will be found useful as a 
euide and a check on the work. Some form of this kind 
is essential in order to avoid omissions that may greatly 
influence the total of the estimate. The list submitted 
can of course be varied to suit the particular conditions. 
Under “Old Machinery” there may be added ‘Resale 
Price,” in ease the machinery is returned to its manufac- 
turers for a eash consideration or is sold to some other 
concern, If the new machinery is made in the home shop, 
the burden, or overhead charges, should be included in 
its manufacturing cost. Certain items in the list may 
have to be omitted, as for example, if the driving power 
is taken from a lineshaft, there will be no estimate on 
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numbers 6 and 7. Drawing charge is a very important 
item that is often overlooked im making up a preliminary 
estimate. Tentative drawings that have to be changed 
frequently take considerable time and are therefore ex- 
pensive. In fact, the manufacturer of any type of ma- 
chine should include in the selling price the drawing- 
room charges for the necessary layout and detail draw- 
ings, such as prospective customers may insist on having. 
Walpole, Mass. D. FLIEGELMAN. 


ESTIMATING COST OF NEW EQUIPMENT 


1. Old Machinery—throwing out 
2. New Machinery 
a. Purchasing price, or 
b. Manufacturing cost 
1. Stock 3. Pattern work 
2. Manufacturing 4. Drawings 
3. Installing New Machinery 


4. Foundations 

a. Changing old foundations 

b. Furnishing new foundations 
5. Drive 

a. Relocating old drive 

b. New drive 


Shafting 2. Hangers 
3. Clutches 4. Pulleys 
5. Timbers 6. Belting 


7. Motor supports 
6. Motor 
a. Relocating old motor 
b. New motor (horsepower and speed) 
. Wiring 
. Piping 
a. Changing old piping 
b. New piping and valves 
9. Drawings 
a. Assemblies and details 
b. Drives c. 
10. Buildings 
a. Changing present buildings 
b. New buildings 
11. Excavating 


eon 


Layouts 


°° 


To Loosen Small Metal Caps 


A simple and excellent method for unscrewing small 
metal caps from cans is indicated in the illustration. 
Wrap a common shawl strap around the cap as shown, 
and “take a hitch? in it with your thumb or finger. 





\ =. 
Strap 
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Wee ge: 
/ 
REMOVING A METAL CAP 


Usually a very tight cap will let go immediately, without 
any trouble whatever. 

If the cap is stubbornly tight, it can be “wrenched” 
off by using a wooden stick, as shown, on the side of 
the “hitch.” A trial will prove its utility, especially with 
small sharply formed caps that might cut one’s bare 
hands. W. F. ScHAPHORST. 

New York City. 


3 
A Hydraulie Jack should be filled with alcohol 1 part, 
water 2 parts, with a tablespoonful of sperm oil added. It 


should never be filled with water, kerosene or wood alcohol. 
Water is liable to freeze or rust the jack; kerosene destroys 
the packing; wood alcohol destroys packing and corrodes the 
metal.—“Engineering and Mining Journal.” 

The Lightest Oil used for lubrication has a specific gravity 
of about 0.865 and the heaviest about 0.930. The commercial 
range is from 0.885 to 0.907. 
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Inquiries of General Interest 
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“Calorifie Power” of a Fuel—What is meant by calorific 
power of a fuel? a a V. 

The term sometimes is applied, though inadvisedly, to the 
quantity of heat generated by the complete combustion of a 
fuel and to signify the same thing as the calorific or heat 
value, which is usually expressed as the number of B.t.u. that 
would theoretically be developed by complete combustion of 
one pound of the fuel. 


Pump Water Cylinders Longer than Steam Cylinders—In 
a direct-acting steam pump, why are the water cylinders made 
longer than the steam cylinders? Se 

To avoid excessive friction of the water in its passage to 
and from the water cylinders, the ports and passages of the 
water cylinders need to be much larger than those required 
for the steam cylinders which, for diminishing the clearance 
space to dimensions consistent with construction and opera- 
tion of the pump, are reduced to a minimum to obtain greater 
steam economy. In either case the cylinders must be long 
enough to include the ports that are required beyond the 
strokes of the pistons, and therefore the water cylinders 
must be longer than the steam cylinders. 


Differences of Steam Tables—Why are the B.t.u. values 
that are quoted in the older tables of properties of saturated 
steam different from those given in more recently published 
text and reference books? Sex. “Es, 

The B.t.u. values given in the earlier tables generally were 
based upon interpretation and modifications of the results of 
legnault’s experiments, using as a British thermal unit the 
quantity of heat required to raise the temperature of 1 lb. of 
water 1 deg. F. at or near its temperature of maximum 
density, which is usually assumed to be 39.1 deg. F. The 
steam tables more generally used at present by engineers ol 
the United States are those of Marks and Davis, based on 
more recent researches, such as those of Henning, Knoblauch 


1 

.and other authorities, reduced to a “mean B.t.u.”; that is, —— 
180 

of the heat needed to raise one pound of water from the 
freezing point to the boiling point. This value was used 


because of the variation of the specific heat of water between 
temperatures of 32 deg. F. and 212 deg. F. The differences 
between the older and newer tables, in quotations of the 
total heat of saturated steam at usual pressures, are generally 
within a fraction of 1 per cent. 


Velocity of Water in Suction and Discharge Pipes—W hat 
would be the velocity of the water in the 6-in. suction pipe 
and 4%4-in. discharge pipe of a pump having 10x12-in. water 
end, when running at 60 double strokes per minute with 10 
per cent. slippage? E. R. G. 

With a stroke of 12 in. the piston speed of the pump in 
i2 x 60 x 2 

12 e 

120 ft. per min. Without pump slippage, if either of the pipes 
was of the same diameter as the water cylinder, the velocity 
in that pipe would be the same as the piston speed of the 
pump, and for any other size of suction or discharge pipe, the 
velocity would be inversely as its cross-sectional area to the 
cross-sectional area of the pump cylinder. As the cross- 
sectional areas would be as the squares of their diameters, 
then with 10 per cent. slippage the velocity in a 6-in. suction 
pipe would be 





making 60 double strokes per minute would be 


12° 
120 (100 — 10) x —— = 482 ft. per min. 
62 
and in a 4%-in. discharge pipe the velocity would be 
12° 
120 (100 — 10) x — 


4.52 


768 ft. per min. 


M.e.p. and IL.Hp. for Given Cutoff Depend on Diagram 
Factor—What would be the indicated horsepower of a 20x24- 
in. engine running noncondensing at 150 r.p.m. when supplied 
with steam at 90 lb. gage and cutoff at % of the stroke? 

W. L. 

The mean effective pressure and power developed would 
depend on the diagram factor or ratio of area of the actual 
indicator diagram to the theoretical diagram that would be 





obtained with the same initial pressure and cutoff, without 
any rounding off at the points of admission, cutoff or release 
and with back pressure at atmospheric pressure. The ratio of 


the actual to the 


theoretical diagram would vary according 
to the type of engine, percentage of clearance and the dis- 
tribution of the steam, as determined by the size ot steam 


passages, leakage of piston and valves and the valve setting 
Assuming that the mean effective pressure realized is 35 Ib 
and omitting consideration of the reduction of the piston area 
due to the piston rod, the engine would develop 
35 & (20 K 20 < 0.7854) xk — 
—_—— 199.9, 
35,000 
or practically 200 ihp 
Openings of a Cross Safety Valwe—What 
providing a safety valve with so many 
the sketch? 


is the purpose of 
openings as shown in 
s WW: & 
body, from its 
known as a safety valve 
The partition, or diaphragm, on 
which the valve seats is made of 
such form that the bottom open- 


A safety 
blance to a 


valve having this type of 
cross fitting is 


resem- 


cross 


ing A and one of the side open- 
ings, as B, connect with the pres- 


sure side of the valve. The other 


side opening is connected with 
the space above the diaphragm 
and is the relief outlet. At one 
time, safety valves of this kind 
were extensively used on boilers 
and other pressure vessels, hav- 
ing a single outlet that was 
CROSS SAFETY VALVE usually connected to the bottom 


outlet A, while the communicating 


opening B was utilized as a 


service connection, but this use 
of a safety valve is likely to interfere with its proper oper- 
ation and is inconsistent with good practice. The principal 


advantage of the cross safety valve is in affording the choice 
of a horizontal or vertical inlet, but 
worthy of obtaining certainty of 
valve, the inlet not required for 
be plugged. 


under any circumstance 
operation of the safety 
operation of the valve should 


Pressure of Water per Foot of Head—Knowing the height, 
or head, of water above a given point, how is the pressure per 
square inch determined? . Ei. 

For nearly all practical computations the 
of water can be neglected, and when the 
temperature its density may be considered to be uniform 
The pressure at each horizontal layer, due to the weight of 
the water, may therefore be considered as directly in propor- 
tion to the depth below the surface. 
the pressure per square inch due to a 
of water, it becomes necessary to 
weight 


compressibility 
water is of uniform 


Hence, in determining 
given height, or head, 
decide on the density or 
foot. This varies according to the 


per cubic temper- 


ature. Referring to the table of “Density and Volume of 
Water” given on pages 542-3, Oct. 19, 1915, issue of “Power,” 
it is to be seen that the density varies from 62.4201 lb. per 


cu.ft. at 32 deg. F. to 59.6820 lb. at 218 deg. F. 

As shown by the table referred to, the density from 50 deg. 
F. to 70 deg. F. varies from 62.4144 lb. to 62.3034 Ib., or only 
about 2} of 1 per cent., but for convenience in calculations, for 
ordinary temperatures the density is 


usually assumed to be 


624 lb. per cu.ft. Assuming this weight per cubic foot, the 
pressure per square foot for each foot of depth would be 


624 lb. and the pressure per square inch would be 624 ~— 144 

0.4328484 lb., or, as commonly taken, 0.433 Ib. per sq.in. for 
each foot of depth. Hence for ordinary temperatures of 
standing water, the pressure per square inch due to the height, 
or head, of the water above the point considered is usually 
obtained by multiplying the head in feet by the constant 0.433. 


{Correspondents sending us inquiries should sign their 
communications with full names and post office addresses. 
This is necessary to guarantee the good faith of the communi- 
cations and for the inquiries to receive attention. Sditor.] 
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The Prevention of Corrosion in 
Pipe Lines 


By F. N. SpeLiert 





SY NOPSIS—Experiment and observation by the 
author tend to show that corrosion of pipe ts 
more a matter of the amount of oxygen in the 
water than of the composition of the metal. After 
rust is formed, corrosion is accelerated. There is 
three and a half times as much oxygen in solution 





in water at 120 deg. F. as at 180 deg. F. Means 
are suggested for deaérating water. 
Casual observation will show marked differences in the 


degree of corrosion of pipe in service. For instance, hot- 
water heating systems and sprinkler systems show practically 
no deterioration in service after 25 years, while low pressure 
steam returns sometimes give trouble after 15 years’ service 
or less. Galvanized pipe in hot-water supply systems, where 
the water is heated under pressure, lasts from about 5 years 
upward, depending on the temperature and quality of the 
water and the volume of flow. The last-named condition is 
so severe on iron and steel pipe that many are compelled to 
use brass pipe, at a cost approximately ten times that of 
galvanized. These few instances are the extremes, but are 
surely suggestive when we consider that in pipe carrying 
ordinary water under some conditions there is ‘no apparent 
deterioration in a generation; whereas in other cases, the 
same grade of pipe is seriously damaged in a very few years. 

Some years ago, when steel pipe was comparatively 
unknown and not fully developed, it was natural to question 
this material, but comparisons of modern wrought-iron and 
steel pipe in the same lines in service have shown beyond any 
question that where corrosion is found one material suffers 
on the average as much as the other. 

It has been the custom of the writer to keep several service 
tests under way continuously for the past several years. In 
every case the coédperation of some local engineer or organ- 
ization is sought under whose immediate direction the test 
is conducted. One of the most recent to be completed may 
be described as an example of the method pursued in con- 
ducting such tests. This test was made in the Pennsylvania 
Building, Philadelphia, Mr. Munsey, engineer. Four standard 
grades of pipe of well-known manufacture were selected, and 
four pieces of each taken at random and coupled together 
alternately so that the hot water passed through each sample 
at the same temperature. 

Date installed—Oct. 27, 1913. 

Date removed—Nov. 20, 1915. 

Location—Hot-water return line Pennsylvania 
Philadelphia. 

Temperature of water—175 deg. F. average. 

Amount of water—5,000 gal. per day for 600 days. 

Method of installation—In form of box coil. 

TABLE 1. CORROSION MEASUREMENTS 
Average of 10 





Building, 


Sample Deepest Pits in Deepest 
Material Number Each Fiece, In. Pit, In. 
Steel 1 0.068 0.094 
Steel 2 0.087 0.124 
Steel 3 0.045 0.050 
Steel + 0.063 0.074 
Steel 5 0.079 0.104 
Steel 6 0.056 0.094 
Steel 7 0.054 0.065 
Steel 8 0.070 0.081 
Iron 9 0.065 0.073 
Iron 10 0.072 0.097 
Iron 1 0.078 0.105 
Iron 12 0.077 0.080 
Iron 13 0.055 0.075 
Iron 14 0.067 0.112 
Iron 15 0.067 0.078 
Iron 16 0.073 0.090 
Steel General Average 0.066 0.085 
Steel General Average 0.067 0.086 
Iron General Average 0.073 0.089 
Iron General Average 0.066 0.088 
A résumé of a number of these service tests compiled 


from several sources is given in Table 2. 
Inasmuch as both materials have been found to fail in 
about the same time under the same conditions, and as both 


*Abstract of paper before the American Society of Heating 
and Ventilating Engineers, annual meeting, January, 1916. 
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have shown practically no deterioration after many years 
under other conditions, it would seem that with a correct 
understanding of the fundamental causes of corrosion a prac- 
tical solution of this problem should be possible, especially 
after the considerable study given corrosion. 

The inside of pipe is subject to peculiar conditions not to 
be compared with external corrosion, and the inside surface 
is particularly vulnerable in that protective coatings are difii- 
cult to apply, therefore are more liable to be defective and 
must, therefore, be closely watched. 

Consider the situation in a hot-water heating system and 
a hot-water supply system where the temperature of the 
water is about the same. Evidently the water alone is not 
responsible for the results observed, but rather something 
brought in with the water. The hot-water heating lines have 
started to rust, and then the action has apparently stopped, 
while in hot-water supply lines the action is continuous and 
rapid: so much so that if the pipe does not fail by leaking, 
it may be plugged tight with the reddish hydroxide: of iron. 
The only way to account for this accumulation of oxide of 
iron is through the oxygen in solution in the cold feed water, 
amounting to 6 to 10 ce. per liter, according to the tempera- 
ture and quality of the water. This small percentage of 
oxygen is apparently the measure of the destructive power 
of the water and accounts for the fact that a limited volume 
of water has no serious action on iron, whereas when this 
water is renewed continually, especially when heated, the 
results are liable to be disastrous. It will be useful to 
consider the mechanism of corrosion before discussing ways 
and means for preventing it. 

All water supplies carry more or less foreign matter in 
solution. What are usually considered the purest natural 
waters are generally saturated with oxygen and carbonic 
acid, which cause such waters to be corrosive, particularly 
when heated. Iron in all its forms is soluble in water to the 
amount of a few parts per million, depending on its composi- 
tion and that of the water. In this paper, in referring to 
water in connection with corrosion, it will be understood to 
include domestic supplies of the usual degree of purity. 
Chemically pure water does not occur in nature, and therefore 
may be omitted. 


The phenomenon of solution is now generally explained 
as an electrochemical reaction. When pieces of zine and 
copper are connected together and suspended in water, a 


current of electricity starts to flow through the water from 
the zine to the copper. The zine is termed the anode and 
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the copper the cathode. While the current flows the zine goes 
into solution, the amount dissolved being proportional to the 
current, according to Faraday’s Law. 

If we replace the zine with a piece of iron, a current flows 


in the same direction and iron will be found in solution. 
Suppose we now replace the copper with another piece of 
iron. A small current of electricity will still flow, but not 


necessarily in the same direction, this depending upon the 
relative surface condition of the two pieces of iron. 

It is this small current flowing between one piece of iron 
and another under water which causes iron to go into solu- 
tion, and this is now recognized as the initial reaction of 
corrosion. Solution is hastened by carbonic acid and mineral 
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salts in solution, as these make the water a better electrolyte. 
However, it has been proved that iron will dissolve to some 
extent in the purest water that has yet been made. If the 
iron is exposed to nothing but water, this reaction will soon 
cease, owing to the accumulation of hydrogen at the cathode 
eausing polarization; and this is what actually happens in 
hot-water heating and other systems in which the water, and 
consequently the supply of free oxygen, is not renewed. On 


the other hand, when oxygen is present it combines with the 
hydrogen, depolarizing the surface of the iron, 
iron to continue. 


causing solu- 


tion of the Oxygen enters further into the 
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reaction by combining with the ferrous hydroxide to form 
insoluble ferric hydroxide, generally known as rust. With 
an unlimited supply of water and oxygen, corrosion will 


continue until the iron is all converted into the form of ferric 
hydroxide. ° 

So far most of the authorities are agreed as to the cause 
of corrosion, although there has been considerable scientific 
argument as to whether a trace of carbonic acid (CO,) is 
necessary for the solution of iron. For all practical purposes 
we can let this question rest and combine the acid and elec- 
trolytic theories into one, as outlined, which affords the best 
explanation of the observed facts available at this time. 

Ever since the electrochemical theory of corrosion was 
proposed by Whitney in 1903, there has been a division of 
opinion as to the cause of the difference of potential observed 
between two pieces of iron. The majority at first assumed 
that this was due to variation in composition of the metal, 
and the manufacture of iron of a high degree of purity in the 
openhearth furnace was heralded with great expectations as 
to durability. So far, after several years of trial it has not 
been found that such iron is so well adapted for the manu- 
facture of pipe as the grade of soft weldable steel now 
generally used for this purpose. 

In 1904 the writer started a study of the potential differ- 
ences as found on the surface of iron of various compositions 
and has invariably found just as much difference in potential 
on the surface of very pure iron as on steel or wrought iron 
of ordinary commercial quality. Subsequent observations, 
covering several years of service with pure iron, openhearth 
and bessemer steel and wrought iron of the quality required 
for the manufacture of wrought pipe, have confirmed the 
conelusion expressed by the writer after his earlier experi- 
ments: namely, that composition has very little to do with the 
rate of corrosion of these metals under water. It should be 
remembered, however, that conditions underground or inside 
pipe lines are not the same as when exposed to the atmos- 
phere, so that these conclusions do not apply to materials 
subjected directly to atmospheric conditions, such as metal 
roofing. 

The tests and experiments referred to indicate that differ- 
ences in finish and density of the material, particularly the 
character of the mill scale and how firmly it is attached, 
usually determine where corrosion starts and how it proceeds. 
The difference of potential due to surface influences 
found to be many times greater than that due to variations in 
composition in the ordinary run of steel and predominated 
over all other influences in nearly every case. These conclu- 
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sions were checked in the most critical manner and have since 
been borne out by service tests of several years’ duration. 
Among the surface influences that directed the course of 
corrosion, it was found that rust, when once formed, was 
nearly as potent as mill scale in its effect on corrosion. Some 
recent work by James Aston, of the United States Bureau of 
Mines, confirms these conclusions, but goes further in showing 
that the influence of rust in is to render the metal 
underneath the rust anodic. As the mill seale is always the 
cathode, there is every reason to believe that we may have in 
certain places on the surface nearly double the difference 
of potential that was expected and this without reference to 
the actual composition of the iron or variations thereof. 
Iverything seems to point to this explanation of the cause of 
pitting as being the true Under 
water lines or boilers, it frequently happens that the tubes 
that of high quality as regards chemical composition, 
TABLE 3. TYPICAL READINGS BETWEEN PLATES OF 
SAME AREA 
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structure and physical properties have rapidly pitted through 
in places. The difference of potential and the current which 
thereby flowed from the exposed places to the firmly attached 
mill scale, especially after the exposed metal became covered 
with rust, affords a satisfactory explanation of the rapid 
pitting observed in such cases. 

The current flowing between two points on the surface 
of a piece of iron is very difficult to measure accurately; 
however, we have frequently observed currents as high as one 
milliampere flowing between steel electrodes in McKeesport 
city water, one plate being clean and the other covered with 
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mill seale. Table 8 gives some typical readings between 
plates of the same area made with a milliammeter having an 
internal resistance of eight ohms; electrolyte, McKeesport 


city water. 

't might seem at first that these currents are too sMall to 
cause damage. A rough calculation 
experiments will indicate’ the result 
currents acting continuously with certain submerged areas of 
electrodes; 1 for 6 will dissolve 10 Ib. of 


serious based on these 


ultimate from such 


ampere acting mo, 


iron, or a plate 12x12x% in. thie 1 milliampere acting for 
6 mo. will dissolve 0.144 sq.in. of this plate, making a hole 
about jy in. in diameter by 4 in. deep; 0.1 milliampere acting 
for 60 mo. will perforate this plate with a hole of the same 
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size. This rate of pitting is not so far different from that 
experienced under some conditions of service. 

The remedy seems to lie in the elimination of dissolved 
oxygen from water before use. This may be accomplished 
in at least two ways: 

The first is by allowing the hot water to come to rest for a 
few minutes under greatly reduced pressure. As no reliable 
data could be found on the amount of oxygen retained in 
solution in water at various temperatures and pressures, a 
series of experiments were run to determine these constants. 
The results are given in Fig. 1. Evidently the pressure must 
be reduced below normal or the temperature raised nearly to 
the boiling point with the water at atmospheric pressure, to 
get proper separation of oxygen and other gases. 

Some 2-in. wrought iron and steel pipe (galvanized) after 
thirteen years in the Columbia Baths, Atlantic City, N. J.—an 
“open” heating system—is in good condition. Copper pipe 
used under the same conditions in a “closed” heating system 
lasted only six months. The salt water was heated to 180 
deg. F. in an open tank from which it was run by gravity to 
the system. This pipe was in continuous use during the 
season for this period. The galvanized pipe was practically 
as good as new, showing that even salt water is practically 
harmless when deaérated to this extent. 

An alternative method of reducing corrosion in water lines 
by satisfying cr “fixing” the free oxygen was tried out by the 
writer several years ago, using clean steel turnings. It was 
found difficult to get the scrap free from oil, and after rusting 
had progressed for some time there was a tendency for the 
mass to cake together and so impede the flow. By using sheet 
iron so formed as to provide a large number of channels with 
%-in. clear passage through which the hot water slowly 
percolates, we expect that these difficulties will be overcome. 
Some determinations of the rate at which the free oxygen is 
removed from water by this system are given in Fig. 2. The 
rate of rusting varies with the surface condition of the plates, 
becoming more rapid as the surface is covered with a good 
coating of oxide. The speed of rusting is 50 per cent. more 
rapid at 110 1b. pressure than at atmospheric pressure, and 
of course the time required to “fix”? the free oxygen of the 
water varies with the amount of surface of metal exposed per 
eubie foot and other conditions that are liable to vary. For 
these reasons the results given in Fig. 2 are only relatively 
correct for the conditions stated. 

On this principle two small plants have been equipped to 
carry out this method of treatment in practice. These systems 
were installed at places where considerable trouble has 
already been developed through the clogging and corrosion of 
galvanized pipes. 

These plants, which have only been operating a short time, 
show a reduction of oxygen contents from § or 9 ¢.c. per liter 
to 0.1 to 2 ec.c. per liter according to the rate of flow and 
temperature (Fig. 2). At present it seems desirable to design 
the plant so that the oxygen contents will be less than 1 c.c. 
per liter at all times, at which point corrosion seems to be 
reduced to a negligible amount. Some more definite data on 
this point will be available after these plants have been in 
operation for several months. The indications are that the 
rate of rusting of the plates, and hence the efficiency of the 
apparatus, will increase with time. Water should be in 
contact with the plates for at least six minutes. 

Similarly, the corrosion of low-pressure steam lines will be 
found to depend principally on the amount of oxygen that 
finds access to the system. The return lines naturally suffer 
the most and are usually the first to show failure. Condensed 
water, when freed from oxygen in solution, is harmless and 
will not even tarnish bright iron after months of exposure; 
but this water, on account of its great purity, has greater 
capacity for solution of oxygen than the average natural 
water and is therefore apt to be very corrosive when aérated 
This may be prevented in large measure by using an open 
feed-water heater and keeping the water over 185 deg. F. 


| Mr. Speller added that he thought it would be well- 
worth while to provide a tank at the highest point in a 
down-feed hot-water system to deaérate the water before 
letting it into the feeder main or loop. The layout would 
then be as shown in Fig. 3. | 


In some 
with a film 


cases the surface of the pipe may be 
of oil deposited from the steam. The 
attention recently called to the satisfactory results 
obtained in some buildings using exhaust steam. which on 
investigation were accounted for by the thin film of oil found 
on the inside of these pipes. This was such an interesting 
matter that we made some tests in the research laboratory 
on long lines of new pipe and found that mineral lubricating 
oil, when dropped at the rate of two drops per minute into 
a pipe carrying steam under pressure was carried forward in 
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a fine state of division and in a few 
condensed in a uniform film in the 
lubricator. While this simple means of protection would 
perhaps be objectionable in some cases, there are many 
steam-heating systems where the oil could do no harm and 
might result in considerably prolonging the life of the lines. 
Of course nothing but a good grade of mineral lubricating oil 
should be used, and the supply should be regulated by a 
reliable sight-feed lubricator. 

Pipe for steam heating under certain conditions is subject 
to rather rapid deterioration from inside corrosion due to the 
large amount of water condensed in the returns. A case of 
this kind was investigated by the writer last summer, where 
corrosion had developed on the low-temperature end of the 


minutes 
pipe, 160 ft. 


was found 
from the 


system owing to oxygen brought in with the feed water. The 
same plant had been operating for fifteen years without 
trouble, using an open hotwell kept at high temperature. 


Owing to enlarged demands on the system, certain changes 
were made by which the temperature of the water from the 
hotwell, from which the feed pumps drew their supply was 
reduced below 120 deg. F. At this temperature the amount of 
oxygen in solution is about 3% times the amount found in 
water at 180 deg. F., most of which was of course absorbed 
in the water of condensation in the returns, making possible 
the corrosion of the pipe. A higher temperature in the hot- 
well and the use of a lubricator were recommended. 

cs 


ligh-Temperature Insulation 


On Dec. 14 the Chicago Section of the American Society of 
Mechanical Engineers held its second dinner of the year at the 
Hotel La Salle. The subject was High-Temperature Insula- 
tion, on which P. A. Boeck, chemical engineer and district 
manager of the Kieselguhr Co. of America, New York City, 
gave an interesting talk illustrated by numerous lantern 


slides. The speaker referred to the work that has been done 
in this field. He enumerated the advantages of insulation and 
briefly explained the mechanics applying to heat flow. He 


pointed out that heat is a form of energy consisting of molecu- 
lar vibration of a periodic character and subject to the general 
laws of wave motion. It can therefore be reflected, refracted 
and dispersed. In other words, by proper mechanical manipu- 






Surfoce 


Heated 







Red 8ricn « 
Red Bricrn’ 


. 


-4ire BLICH ~ 


‘ 
Sito-cel snsylahing \ Si/.0-cel 
insulating 
Powder 


INSULATION BRICK 
IN WALL 


FIG. 1. 
LAID 


FIG. 2. INSULATING POW- 
DER IN HOLLOW WALL 


lation the rate of flow can be increased or decreased within 
certain limits. One of the most common ways of doing this 
is by introducing alternate layers of materials having differ- 
ent heat-transmitting values, thus breaking up or changing 
the wave length. The introduction of air cells or voids within 
the body is a most effective way of reducing conductivity. 
The density of a body may be taken as an approximate cri- 
terion of its heat-conducting capacity. Large voids, however, 
have the effect of propagating heat by convection and radia- 


tion. 
Heat is transferred from one place to another by three 
different methods: conduction, radiation and convection. Con- 


duction is the action taking place in the transfer of heat in 
which the heat energy is passed along from a particle at a 
higher temperature to a lower one by virtue of their contact. 
This method of heat transfer is only of magnitude in solids. 


By radiation heat is transferred from one body to another 
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without any material agency by wave motion. It applies only 
to the gaseous state of matter. Convection is that process of 
heat transfer in which some portion of the body whose tem- 
perature is raised moves to another place in the medium where 
the temperature is lower, thus tending to raise the tempera- 
ture of the medium. This method of heat transfer is there- 
fore limited to liquids and gases. 

In a steam boiler the heat generated by the fuel burning in 
the firebox is imparted to the dry surface of the boiler plate 
by radiation from the hot fuel bed, furnace walls and lumin- 
ous flames, and secondly from the moving gaseous products 
of combustion by convection. From the dry surface it travels 
through the soot, metal and scale to the wet surface purely 
by conduction and is in turn transmitted into the boiler water 
mainly by convection. That part of the heat transferred to 
the walls of the furnace by any of the three methods men- 
tioned is conducted through the setting and lost by radiation 
or convection from the outer surface of the setting if preven- 
tive means are not provided. It is the heat lost in this manner 
and the methods for its prevention to which the speaker gave 
special attention. 

The amount of heat conducted through a unit area from 
one part of the body to another is proportional to the differ- 
ence in temperature of the two parts—directly proportional 
to the thermal conductivity of the body through which the 
heat passes and inversely proportional to the distance between 
the two parts of the body. Heat transferred from one body to 
another by radiation is proportional to the difference of the 
fourth powers of the absolute temperatures of the two bodies. 
While this is strictly true only of the ideal “black bodies,” 
the variation is so small that for all practical purposes the 
relation holds good in ordinary procedure. This relation indi- 
cates why hollow wall space is an effective insulator in low- 
temperature work such as refrigeration, whereas in high- 
temperature operations the loss of heat by radiation through 
a hollow wall space is so great that its insulating effect is 
less than if this wall space were filled with material of rather 
high thermal conductivity. This is especially true if the air 
space in the hollow wall is near the furnace side and becomes 
highly heated. This is contradictory to the general belief that 
since air is a poor conductor of heat, air spaces built into the 
walls of a furnace will greatly reduce heat loss by radiation. 
While the heat does travel slowly through the air by conduc- 
tion, it leaps over the air space readily by radiation, because 
the quantity of heat that passes across the hollow space is a 
function of the fourth power of the absolute temperatures of 
the surfaces inclosing it, which loss is enormously increased 
by rise in temperature. 

The speaker outlined the requirements of insulators, gave 
an indication of the amount of insulation required and illus- 
trated the use of a formula developed by C. H. Herter to calcu- 
late the heat flow and temperature gradient through a furnace 
wall. A detailed description of the mineral known as “Celite,” 
which is the product used by Mr. Boeck’s company in block 
or powdered form for insulating purposes followed. This 
mineral is of a highly siliceous composition and of light 
weight. It is found on the Pacific Coast in an exceptionally 
pure state. In its natural rock form, air dried, it weighs 
from 25 to 30 lb. per cu.ft. When this material is ground 
properly so as not to destroy the cell structure, it weighs but 
S lb. per cu. ft. and has a thermal insulating power about 
equal to that of cork, or nine to ten times the insulating 
power of ordinary firebrick. Being almost pure silica, its 
melting point is high (2,930 deg. F., as reported by the Bureau 
of Standards) and it can be subjected to high temperatures 
without fear of alteration. 

The product is prepared in brick or block form of various 
sizes and shapes by sawing the natural material. In crush- 
ing strength these bricks withstand over 400 lb. per sq.in. 

nd are sufficiently strong to stand transportation and han- 
dling. Their cost is but little more than that of firebrick, and 
the cost of the powder is about one-third as much. 

Numerous illustrations of “Celite’ mines and the method 
of removing the product were shown. Many slides followed 
showing typical wall insulation, of which there are four forms 
of construction for high-temperature insulation which can be 
adapted to almost any character of equipment. Fig. 1 indi- 
cates the usual manner of using “Sil-O-Cel” bricks interlaid 
between a course of firebrick and red brick to prevent heat 
leakage through the walls. This form of construction is 
largely used in boiler settings, reverberatory furnace walls, 
roofs, ete. Fig. 2 indicates an insulating wall in which an 
otherwise hollow space is filled with insulating powder; 2 to 
1 in. is usually sufficient. The powder is packed lightly to a 
density of from 12 to 15 lb. to the cubic foot, at which point 
t is not subject to settling or contraction due to either vibra- 
tion or heat. 

Figs. 3 and 4 indicate the method of insulating brick walls 
that are already in place. This form of insulation can be ap- 
plied to old construction as well as new. In Fig. 3 expanded 
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metal lath is erected on angle iron at the required distance 
from the outer wall and covered on the outside with one or 
more coats of portland-cement plaster, to which a small 
amount of “Sil-O-Cel” powder, approximately 20 per cent. by 
volume, has been added to give greater plasticity and ease of 
working and to increase the heat-resisting properties of the 
cement. The “Sil-O-Cel” powder is packed between the brick 
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wall and the expanded metal lath. In Fig. 4 the powder is 
packed between a metal casing and the brick wall. The insu- 
lation of hot-blast stoves, metallurgical electrical fur- 
naces was given brief consideration. 

In the discussion following the lecture, Joseph Harrington 
spoke highly of “Sil-O-Cel” products as insulating material. 
He had already applied the brick to a couple of installations 
with highly economical results. 

Professor Richards, of the University of Illinois, was par- 
ticularly interested in the formula derived to calculate heat 
flow through a wall. The value of the formula depended upon 
the accuracy with which its coefficient had been determined. 
At present the coefficients are far from accurate, and a great 
deal of experimental work is necessary to obtain 
proximate values. 

Colonel Henry Allen stated that the greatest trouble with 
insulating material was the commercial characteristics of 
owners who wished to put in the cheapest jobs possible with- 
out much regard to the insulating qualities and the perma- 
nency of the work. It is up to the engineers to see that com- 
mercialism is not carried to a degree of foolishness. 

In reply to a question of Charles Naylor as to how “Sil-O- 
Cel” compared with cork for cold insulation, Mr. Boeck replied 
that its conductivity was about 12 per cent. higher, so that as 
an insulator it was not quite as good, but it was not subject 
to dry rot or vermin, therefore for this particular use it 
would give satisfactory results. A number of other ques- 
tions on the use and physical properties of “Sil-O-Cel”’ ex- 
tended the meeting to a much later hour than usual and indi- 
cated the interest in the subject. 
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U. S. Supreme Court Decides 
in Water-Power Case 


In a decision delivered by Justice Holmes, the Supreme 
Court of the United States held on Jan. 24 that the Supreme 
Court of Alabama was correct in not issuing a writ prohibit- 
ing the Probate Court of Tallapoosa County from taking juris- 


diction of condemnation proceedings instituted by the Ala- 
bama Interstite Power Co. to take land, water and water 
rights belonging to the Mt. Vernon-Woodberry Cotton Duck 


Co. et al. 

In this decision, which was heralded in 
the country as being revolutionary 
water-power interests in general, Justice Holmes and the 
Supreme Court of the United States held that the purpose 
of the condemnation was a public one and that, as the Supreme 


various parts of 


and of great import to 


Court could not discover anything in the decision of the 
Supreme Court of Alabama which ran counter to the Four- 
teenth Amendment, the Alabama court must be upheld. Jus- 


tice Holmes declared: 
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The purpose of the power company’s incorporation and that 
for which it seeks to condemn property of the plaintiff in error 
is to manufacture, supply and sell to the public, power pro- 
duced by water as a motive force. In the organic relations 
of modern society it may sometimes be hard to draw the line 
that is supposed to limit the authority of the legislature to 
exercise or delegate the power of eminent domain. But to 
gather the streams from waste and to draw from them energy, 
labor without brains, and to save mankind from toil that it 
can be spared, is to supply what, next to intellect, is the 
very foundation of all our achievements and all our welfare. 
if that purpose is not public, we would be at a loss to say 
what is. 

Before a corporation can condemn rights it is required to 
have obtained, by other means, at least an acre on each side 
of the stream for a damsite, and this is supposed to show 
that the use is not public. It is only a reasonable precaution 
to insure good faith. A hardly consistent argument is that 
the dam should be built before the necessity of taking waters 
below can be shown. But a plan may show the necessity 
beforehand. All that we decide is that no general objection 
based on these grounds affects the jurisdiction of the Probate 
Court or the constitutionality of the act. 

Certain exceptions from the powers conferred, such as pri- 
vate residences, lands of other corporations having similar 
powers and cotton factories, subject to the taking of the 
excess of water over that in actual use or capable of use at 
normal stages of the stream, are too plainly reasonable sv 
far as they come in question here to need justification. With- 
out further discussion of the minutize, we are of the opinion 
that the Supreme Court of Alabama upon the questions arising 
under the Constitution of the United States was correct. 


While this decision has been characterized by Governor 
Ammon of Colorado and other officials in close touch with 
water-power interests, as “far reaching and of vast import- 
anee,” officials of the Supreme Court declare that its weight 
has been overemphasized. It is pointed out that the decision 
relates solely to the laws of the State of Alabama and the 
action of the Probate and Supreme Courts of that state. 
The question dealt with, it is stated, is not the actual rights 
of the Alabama Interstate Power Co., as much as it is the con- 
stitutionality of the Alabama laws. The Supreme Court, in 
this decision palpably avoided discussion of the phases of the 
original legal question—referring to them as “the minutize” 
of the case—and confined itself to an answer as to the rela- 
tion of the Alabama laws to the Federal Constitution. In the 
opinion of those close to the Supreme Court, the decision 
might very possibly be reversed in dealing with similar con- 
ditions in other states. 
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Acquiring Water Rights for Power Dams—Development of 
hydro-electric power plants in the Southeast is resulting in 
considerable litigation concerning the rights of the power 
companies to interfere with the rights of owners of riparisn 
lands. In one of the latest cases—Blue Ridge Interurban 
Railway Co. vs. Hendersonville Light and Power Co., S86 
“Southeastern Reporter,” 296—it is decided by the North 
Carolina Supreme Court that a power company that owns 
land on one side only of a stream is not entitled to build a 
dam to the middle of the stream and divert one-half the 
water through a flume for use in developing power, although 
the water be returned to the channel before leaving the com- 
pany’s land. In reaching this decision the court cites New 
York and Maine cases as upholding the principle that each 
of opposite riparian owners has an indivisible right to the 
enjoyment of the full flow of the stream. In the Georgia case 
of Parker vs. Central Georgia Power Co., 86 “Southeastern 
Reporter,” 324, the Supreme Court decided that the defend- 
ant company, having acquired the right to maintain a dam, 
was not liable to a near-by owner of farm land on the theory 
of loss of crops resulting from the fact that croppers who 
had cultivated his land moved away on account of unhealth- 
ful conditions produced by the dam. Recovery was denied 
because the damages relied upon were too remote and specu- 
lative to be subject to computation. But in the suit of one 
Pope against the same company (page 322) it was declared 
by the same court that a previous release by a landowner of 
all claims “for damages of any nature, resulting from the 
construction, maintenance or operation of said dam or powei 
plant” must be interpreted to include only claims based upon 
proper and nonnegligent construction and operation of the 
works and not as exempting the company from liability for 
damages negligently inflicted upon near-by landowners. 


Warranty of: Efficiency of Engines—When an engine is 
designed and sold for a specific purpose, a warranty of its 
eapacity for work made by the seller will not be interpreted 
as covering use for another purpose, according to the hold- 
ing of the North Carolina Supreme Court in the case of Bland 
vs. International Harvester Co., \6 “Southeastern Reporter,” 


350. The defendant sold plaintiff a threshing engine which 
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was warranted ‘to be well made, of good material, and du- 
rable with proper care, and to do good work if properly oper- 
ated.” The plaintiff's only complaint is that plowing can- 
not be satisfactorily done with plows used by him, they not 
having been bought from the defendant. The court says on 
this point: 


._ The purpose of a traction engine is to generate and fur- 
nish power. How that power is to be applied is a different 
matter. On the face of this contract it was contemplated 
that it should be used for threshing, and the plaintiff admits 
that it was satisfactory for that purpose. The defendant did 
not furnish plows nor contract that the tractor should do 
plowing. Whether it should be satisfactory for that pur- 
pose must depend largely upon the nature of the plows used 
and the method adopted for their use. This was not within 
the terms of the contract, and there being no allegation or 
proof of fraud or mistake, the court properly directed a non- 
suit. 
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PRINCIPLES OF DEPRECIATION. By Earl A. Saliers. 
lished by the Ronald Press Co., New York. Size, 
in.; 200 pages. Price, $2.50. 

Recent legislation, by forcing more systematic account- 
ing methods, is making this subject a very live one to busi- 
ness men in* general, but particularly to the engineer and ac- 
countant—to the former on account of his familiarity with 
the physical condition, depreciated value, cost of operation 
and replacements, and to the latter on account of his duties 
to properly record these and to provide funds for their re- 
placement and the preservation of capital value. 

The author, after acknowledging the somewhat unsettled 
condition of the subject, points out the underlying principles 
as now being recognized by State and Federal courts and com- 
missions. These bodies insist that net profits must be shown 
clearly, and it is highly important that depreciation be duly 
considered and expressed in a manner that will meet with 
their approval; especially is this shown by the classification 
of the Interstate Commerce Commission as applied to rail- 
roads. The income tax in the United States and England is 
taken up at length, giving legal decisions and interpretations 
as to what can be allowed for exhaustion and limiting de- 
ductions that can be made for depreciation, repairs and re- 
newals, and what is permitted in case of timber land and coal 
deposits where the principal is steadily decreasing. Our 
great industrial and public-utility corporations have de- 
veloped public-service commissions that are going more and 
more into the question of adequate allowance for depreciation 
and cost of reproduction, 

The engineer is more interested in the chapters showing 
the various ways for determining the depreciation charge, as 
the methods in common use are so confused by the point of 
view of individuals that there is no standard. Great accu- 
reey is of course impossible, as obsolescence must be pre- 
dicted and depends upon personal judgment. Of the various 
methods the simplest, known as the Straight Time Method, 
takes no account of interest. It does not require complicated 
figures, and in many applications it is the one most practical. 
A definite life being assumed, the same depreciation is allowed 
each yvear to reduce the purchase price to salvage value. In 
the Reducing Balance Method heavy depreciation is charged 
during the first year and a continually decreasing amount 
from year to year. The Sinking Fund, or Compound Interest, 
Method is often used without an actual sinking fund, and each 
year there is put aside and allowed to accumulate at com- 
pound interest during the life of the tool a fixed sum of money 
which will amount, at the end of the life, to the total depre- 
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ciation. The Annuity Method reduces the investment at a 
rate equal to the increase of a sinking fund on a certain 
interest rate. An annuity formula with table and ecurve is 
given. The Equal Annual Payment Method is to secure a uni- 


form investment cost, and it takes into consideration interest 
on the decreasing investment; it that depreciation 
follow the laws of compound interest and consequently does 
not appeal to many. The Unit Cost Method takes into con- 
sideration the loss in economy in running an old or 
machine, and interests the engineer, as it is sup- 
posed to be based on the principle that the value of the old 
machine is such that during its life the cost of output will 
be the same as during the life of the new machine. This is 
more complicated and is inclined to underestimate the value 
of the old plant. As interest computations extending ove 
long periods are more easily calculated by the use of lo- 
garithms, the book contains a chapter on this subject, while 
the last chapter gives a list of reference books and articles 
useful to the student of this subject. 
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